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PROTEIN MALNUTRITION AND INFECTION! 
B. S. Pram 


Human Nutrition Research Unit, National Institute for Medical Research, Mill Hill, London, 
N.W.7. and Department of Human Nutrition, London School of Hygiene and 
Tropical Medicine 


I take a broad view of what constitutes ‘malnutrition’ (Platt, 1956); I include 
in this term not only the results of dietary defects but also the results of (a) in- 
terference with the regular supply of nutrients to tissue cells; and (b) impaired 
utilization of nutrients by tissue cells, i.e., disordered or abnormal metabolism. 
[ shall consider particularly the effects of infections on the nutritional status of 
the host, especially with respect to protein. 


RECENT WORK ON DIETARY FACTORS AND INFECTION 


Some recent observations illustrate the interrelationships of proteins and 
amino acids with other dietary factors in experimental infections. The fatty 
acids in coconut oil have been found (Hedgecock, 1955) to enhance resistance to 
infection with tubercle bacilli of experimental animals; this effect is optimal 
when the diet contains 20 per cent protein. An unsaturated fatty acid fraction 
of cod liver oil has been found (Godfrey, 1956) to have a suppressive effect (pre- 
vented by the anti-oxidant vitamin E) on certain experimental protozoal in- 
fections, e.g., Plasmodium berghei and Trypanosoma congolense and, tentatively, 
this is ascribed to the action of peroxides of the fatty acids of the cod liver oil on 
the sulphydry! groups of the proteins of enzyme systems. Dubos 1955 has re- 
ported that a period of 30 hours’ starvation increases the susceptibility of mice 
to infection with Mycobacterium tuberculosis. Similar effects have been obtained 
in the case of infections with the Friedlander bacillus and staphylococci. These 
findings are compatible with the hypothesis that a decrease in resistance to in- 
fection can be brought about by disturbances in carbohydrate metabolism. There 
are also observations on the relation of the Krebs cycle to virus propagation 
(Ackerman, 1951) and on increased susceptibility of mice to infection with 
Salmonella typhimurium following daily injections of citric acid (Berry and 
Mitchell, 1953). It is noteworthy from the point of view of protein nutrition 


that Dubos (1955) finds that although the resistance of mice to tuberculosis ap- 


peared to be independent—within wide limits— of the protein content of diet, 
mice fed a diet very low in protein and high in carbohydrate proved highly sus- 
ceptible but resistance was normal if part of the carbohydrate was replaced by 
fat (peanut oil) without any change in the protein content of the food. 

Garber (1954) has shown that in the relatively simple case of a pathogen for 
plant tissue, the avirulence of specific biochemical mutants for certain host 
species was related to the inability of the mutant to utilize the available nu- 


1 Paper read at the 3rd Inter-African (CCTA) Conference on Nutrition, Luanda, Angola, 
6th-l4th October, 1956 
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trients (amino acids) at the cut surface of the host tissue. Woodward ef al. (1954) 
have found that the levels of twelve amino acids in the blood of animals infected 
with Bacterium tularense are markedly reduced. Lysine deficiency in the diet has 
been shown in my Unit (Barakat, 1948) to affect the ability of rats to develop 
acquired resistance to a nematode parasite (Nippostrongylus muris), evidently 


by interfering with antibody globulin synthesis. Later Seddik (1950) found that 
only animals completely deprived of lysine succumbed to infections with rat 
hookworm and that normally fed animals survived; whereas incomplete de- 
ficiency of lysine, although having a marked effect on growth of the rats, did not 
cause loss of resistance to Nippostrongylus muris as judged by egg production of 
the parasites. He concluded from this that because mechanisms giving immunity 
in the body occupy a high position of priority with respect to appropriation of 
available protein, only extreme cases of malnutrition or starvation are likely to 
affect them. It is noteworthy in this connection that Balch (1950) has shown 
that dying, wasted patients on a minimal diet and also in a negative nitrogen 
balance, may produce more antibodies than healthy well-nourished patients on 
high protein diet and in positive nitrogen balance. 

There are other interesting examples of new observations on the nutritional 
requirements and the metabolism of the infecting agent or on the state of nu- 
trition of the host and its susceptibility and resistance to, and the course of, the 
infection. These aspects are of profound importance in preventive and curative 
medicine and to the understanding of host-parasite relationships and they have 
been the subject of much research, especially in the past decade. The aspect 
which I have selected for my discussion—-effect of infections on the nutritional 
status of the host--has however been comparatively neglected. 


INTERRELATIONSHIPS OF INFECTION AND PROTEIN MALNUTRITION 


Tropical ulcers and bed sores. Chronic ulcers of the skin, especially of the legs, 
are common in the tropics and have been variously attributed to infections and 
to dietary deficiency. I shall not review the work that has been done on this 
subject since, so far as | know, there is still no unanimity about the etiology of 
tropical ulcer. But I want to draw attention again (Platt, 1954) to the possible 
relationship between protein supply and the healing of skin lesions. Mulholland 
et al. (1943) have studied thirty-five random cases of bed sores; they found that 
the plasma protein concentrations were invariably below the lower limits of 
normal. In a further eight cases they found not only low plasma protein but that 
the patients were in a negative nitrogen balance. On increasing the protein in 
the diet of these patients there was a rise in their plasma protein levels, improve 
ment in general condition and gain in body weight and, when the nitrogen bal 
ance was reversed from negative to positive, the bed sores started to heal. Pres- 
sure is well-known to be a factor in the causation of bed sores and bed-rest causes 
nitrogen loss from the body; these contributory elements are absent in the 
tropical ulcer case. The resemblance between the two is, however, sufficiently 
close to warrant study of the role of protein malnutrition in the causation of 
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tropical ulcer. It will no doubt be found necessary to attack both the elements 
of infection and the malnutrition. Also, if it is not possible for the patient to 


take and assimilate large amounts of protein, small amounts will have to be 
given for correspondingly longer periods of time, and as will be seen below in the 
case of tuberculous patients, several months of improved feeding may be neces- 
sary to fill depleted protein stores. 

Fevers and the inflammatory reaction. Nearly fifty years ago in a Harvey Lee- 
ture, W. G. MacCallum (1910) drew attention to the loss of protein which oc- 
curs during the fever accompanying bacterial infections. He quoted observations 
of losses of 3.2 kilos of muscle tissue in 12 days and 2.5 kilos of muscle tissue in 
8 days and noted that this loss of tissue is frequently greater during defervescence. 
More recently Grossman ef al. (1945) found that the protein losses in meningitis 
were large and prolonged, varying from 3 to 180 grams.; the latter, which is 
equivalent to 4.5 kg. of muscle was accompanied by a loss of 7.5 kg. in body 
weight; and Browne (1954) has found that similar losses of nitrogen may con- 
tinue during convalescence. The mechanism of this obligatory loss of protein 
which has been called the ‘toxic destruction of protein’ is not understood. It 
may in part be related to so-called metabolic response to injury, such as occurs 
in the fracture of a long bone, burn or surgical operation (Cuthbertson, 1954); 
again the nature of this response to injury is not clear. This metabolic response 
to injury can be divided into two phases: (1) catabolic and (2) anabolic. The loss 
of nitrogen in the catabolic phase cannot in general be balanced by increasing 
to a feasible degree the protein and caloric intake. In the undernourished subject 
the catabolic nitrogen loss is small and much less pronounced than in the nor- 
mally fed person. In the anabolic phase Waife ef al. (1950) point out that the 
depleted subject will return to nitrogen equilibrium much earlier if fed the 
amounts of protein and calories which were adequate to maintain balance 
before illness. However, if he ingests protein exceeding that needed to main- 
tain nitrogen equilibrium before the illness, he will replenish the depleted stores 
of protein, provided the total caloric intake is sufficient to cover energy require- 
ments. Hence, there will result a prolonged ‘‘anabolic”’ (recovery) phase.’’ They 
give an example of one patient who was “anabolic” for four months. 

Payling Wright (1954) points out that a leucocytosis of 30,000 white blood 
cells per cubic mm., a very ordinary level in suppurative pyococcal infection, 
entails the provision of between 10-20 grams of protein. This he considers is 
probably the most specific element in the so called ‘toxic destruction of protein’. 
In work with sterile abscesses produced by turpentine injections, Yuile ef al. 
(1953) found that in the acute stage (8-4 days) there is an increase in urinary 
nitrogen and a decrease in new hemoglobin production. It is interesting that dur- 
ing this phase there is decreased absorption of C14-labelled plasma protein given 
by mouth. The pus formation in the abscess involves considerable new protein 
synthesis; frequently an abscess contains half as much C14 as the liver, and it 
may contain as much as the liver. There is also evidence from their experiments 
of shift of protein from less active tissues, muscle, and skin, to the more active 
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organs, for example the liver. This observation is of some interest in relation to 
the suggestion made above about the chronicity of skin lesions in protein mal- 
nutrition. 

Tuberculosis. Protein wastage appears to be characteristic of acute debilitating 
illnesses such as tuberculosis. There is no marked rise in urinary nitrogen fol- 
lowing infection or operation and these individuals can be maintained in normal 
equilibrium or in positive balance at relatively low levels of protein and caloric 
intake (Waife, 1950). Nevertheless there is reason to believe that in tuberculosis 
the patient may be in a state of protein malnutrition. In a recent book, Johnston 
(1953), giving observations drawn from a twenty-year study of tuberculosis in 
adolescent girls, provides evidence that the disease process, even when unaccom- 
panied by fever, is particularly toxic for protein. The course of recovery from the 
disease was favorably influenced when adequate storage of nitrogen was effected. 
A diet with a calorie intake of basal requirement plus 70%, with 15% of the 


% from fat and 50% from carbohydrate, was found to 


calories from protein, 35 
be sufficient to achieve good nitrogen storage when the disease was not too far 
advanced and when the patient was at rest in bed. Considerable storage of nitro- 
gen was found to occur in many patients and storage continued for several 
months, evidence that protein depletion had occurred, due either to an inade- 
quate dietary intake or to the disease process, or to both. Johnston is firmly of 


the opinion that the most important contribution that can be made to the pre- 


vention of endogenous reinfection in the tuberculosis reactor is to ensure normal 
retention of nitrogen (and calcium).? 


INTESTINAL PARASITES 


The effect of intestinal parasites in man, e.g., Ascaris lumbricoides and Anky- 
lostoma duodenale depends on the weight of the infection. With relatively light 
loads Bray (1953) in my Unit found no consistent differences in N balance and 
utilization of dietary protein in a number of West African boys. However, 
Venkatachalam and Patwardhan (1953) found that, with moderately heavy or 
heavy infections of Ascaris lumbricoides, the fecal nitrogen output was 1.315 
g./24 hrs.; after deworming the fecal nitrogen fell to 0.755g./24 hrs. Lawrence 
et al. (1951) found marked differences between the weight curves of lambs on 
two planes of nutrition, with and without worm infections. Hunter (1953), 
reviewing researches made on animals, remarks on the fact that the first notice- 
able effect on the host of helminthic infection is loss of weight and this effect 
is almost universal if the infection is large enough. There are some well estab- 
lished effects in man of helminthic infections, such as for example anorexia and 
blood loss, which contribute to malnutrition of the host. These matters are how- 
ever the subject of papers by other delegates and I shall not discuss this aspect 
of the subject further. 


> At the IInd. International Congress on Dietetics held recently in Rome (Sept. 1956 
J. M. Rawlings e/ al. presented evidence of depletion of body tissue protein in tuberculosis 
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\NEMIA 

We (Platt & Wadsworth, 1956) have reviewed the subject of anemia in 
relation to zymotic disease and protein malnutrition and it is too big a subject to 
go into here; I want only to mention its importance in relation to malarial infec- 
tions. It is well known that the hemoglobin content of the erythrocyte infected 
with the malarial protozoan falls as the hemoglobin is broken down and the 
insoluble hematin-containing pigment hemozoin is produced. It is not however 
generally appreciated that the turnover of hemoglobin in the human adult is 
about 6g. per day so that normally the amount of globin returned to the protein 
pool is about one-tenth of the estimated total protein requirement of man per 
day. Protein shortage is therefore likely to occur whenever the products of red 
cell destruction do not enter the body’s metabolic pool of protein. 

Nowhere in the literature can I find any estimate of the effects of a malarial 
infection on the total protein economy of a human subject. Dr. D. I’. Spooner 
of the National Institute of Medical Research (pers. commun.) kindly made a 
calculation of the effect of an infection of a monkey (Macaca mulatta) with 
P.. knowlesi. He estimates that, in a heavily infected monkey weighing 5.6 kg., in 
a week about 3.5 g. of protein would be used in synthesizing the erythrocytic 
forms of the parasite and 26.5 g. of globin would be destroyed, i.e., at the rate of 
over 4g. protein daily. The protein requirements of the monkey do not appear to 
be known. A growing baby of the same weight (5.6 kg.) as the monkey would 
need 2g. per kg. body weight, i.e., about 11 g. per day. 

I must, in conclusion, draw your attention to a most important fact, i.e., that 
as a measure of anemia the hemoglobin concentration is nothing like so valuable 
as the total hemoglobin; comparatively small reductions in the former may 
occur when there isa much more striking reduction of the total hemoglobin. 


PRACTICAL MEASURES 


We are concerned in this Conference with practical ways and means for im- 
proving human nutrition. In dealing with crop production we have to make a 
two-pronged attack; we have to improve yields by selection of varieties and by 
increasing soil fertility on the one hand, and to prevent loss in food in the field 
and during storage by preventing infection and infestations on the other. 

By analogy, and on the merits of the case, these are good grounds for pre- 
venting preventable disease. On the other hand it is well recognized that by 
improving the nutrition of the individual a substantial measure of protection 
may be provided against the effects of infection. Nevertheless it will be found 
here also that the two-pronged attack is almost always necessary and desirable. 


Malaria may be eliminated in a whole country and yet, as we know, anemia may 


persist; whether it is of dietary origin or not we cannot as yet say, but from the 
evidence given above, even after the parasite is eradicated, it is likely to take a 
long time with marginal diets to raise the level of nutrition to that of normal 
well-fed individuals. 
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Although I have been concerned in this paper with protein malnutrition, I 
must insist that nutritional rehabilitation may require an increase of more than 
the protein element in the diet ; I conclude, therefore, with reiterating the need for 
the provision of a well-balanced diet in the promotion of good human nutrition. 


SUMMARY 


A number of examples from recent research are given of the influence of protein 
and amino-acids on the metabolism of infecting organisms; of infecting organisms 
on host metabolism; and of the role of protein in determining the susceptibility 


and resistance to infection and its course when established. A comparatively 


neglected aspect of the subject of host-parasite relationships is the effect of 
the zymotic disease factor on the nutritional status of the host. Some success 
may attend treatment either by dietary means or by eradication of the infecting 
agent. There are however grounds for believing that for complete recovery a 
two-pronged attack is likely to be necessary. Also, even if the nutritional defect 
is predominantly of protein origin, it will no doubt be found that the best results 
will follow rehabilitation on a diet adequate and balanced in all respects. It is 
also noted that the repletion of protein-depleted subjects may require many 
months of protein feeding at levels above that to which the diseased patient had 


been accustomed. 
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Tropical sprue, first described by Ashford in 1908, is not infrequently en- 


countered in Puerto Rican male war veterans, particularly those over 40 years of 
age. The various clinical aspects of this condition have been intensively studied, 


and an abnormal loss of fat is considered one of its most characteristic and 
constant features. From the data in the literature (Muller, 1893; Saxon, 1914; 
Shapiro ef al., 1936) it appears that within the range of 10 to 160 grams of daily 
fat intake, the fat output in the feces of a healthy adult is from 3 to 6 grams per 


day, depending to some extent upon the type as well as the amount of fat in- 
gested. Determining the daily output of fat in the stools of sprue patients has 
been a somewhat unpopular field of investigation, but Black ef al. (1946) in 
India and Asenjo et al. (1956) in Puerto Rico have found that tropical sprue 
patients maintained on a low fat diet excrete the same amount of fat in the 
stools as do healthy subjects on a diet containing up to 160 grams of fat per 
day, which indicates that the high fat content in the stools of sprue patients on a 
normal ration is largely unabsorbed dietary fat. 

The present investigation was motivated partly by the scarcity of published 
work on the subject of fat excretion in sprue patients, and partly by a statement 
of the English investigator, Woodruff, that the sprue reported from the 
Caribbean area, including Cuba and Puerto Rico, is probably not the same as 
that seen in India, but is rather a nutritional megaloblastic anemia, associated 
with some alimentary symptoms but not necessarily with steatorrhea. The pur- 
pose of this study was to determine whether individuals in any stage of tropical 
sprue have steatorrhea following ingestion of a standardized diet administered 
over a period of eight days. For this study the authors have accepted the dic- 
tionary definition of steatorrhea as the presence of ‘“‘more than the accepted 
normal amount of fat’’ in the stools, and agree with Frazer’s observation (1955) 
that usually these stools tend to be fluid or semi-fluid, bulky, frothy, pale and 
offensive. 


PROCEDURES 


To determine the presence and degree of steatorrhea in a sprue patient it is 
necessary to administer a standard diet containing a constant amount of di- 
gestible fat in addition to other foodstuffs, and to determine the total daily out- 
put of fat in the feces. In a series of fat-balance studies by Asenjo (1952), the 

This investigation was carried out as a cooperative project under a grant from the 


U.S. Public Health Service, Netional Institutes of Health Research Project A-880 


? In a discussion following the presentation of a paper by Frazer in 1952 


70 





STEATORRHEA IN TROPICAL SPRUE PATIENTS IN PUERTO RICO 781 


percentage of fat in the dry feces of sprue patients and control subjects was 
determined, but it was concluded that this provided an unreliable index of fat 
absorption because of overlapping values in normal and abnormal individuals. 
On the other hand, measurement of the daily fecal fat output of healthy subjects 


and of sprue patients gave a constant and highly significant difference, averaging 
4 gm. for the former and 12.5 gm. for the latter, and this method was used in the 
present study. 

Cases. Ten white and two colored individuals were included in the study. 
Eleven were United States veterans born in Puerto Rico of Spanish or Negro 
extraction, and the twelfth was born in the United States but had lived in Puerto 
Rico for over 20 years. With the exception of two cases aged 30 and 35, all 
cases were over 60 years of age. The 35 year old individual was admitted to the 
hospital with an acute case of sprue of three months duration, a first attack; all 
the other patients had suffered from tropical sprue for periods of 6 months to 
40 years and had had several relapses, and remissions which were induced by 
diet, liver extract, folic acid or vitamin By, prior to the time of the study. Two 
“normal” males, aged 38 and 30, were used as control subjects. All persons were 
hospitalized during the period of the metabolic fat studies. 

Diagnosis. Diagnostic criteria included the following characteristics 
(Rodriguez-Molina, 1954): insidious onset, chronicity of symptoms and paucity 
of spontaneous remissions; gastrointestinal disturbances (dyspepsia’, diarrhe: 
and steatorrhea); stomatoglossitis, with or without atrophy of the lingual papil- 
lae; history of recent weight loss accompanied by increasing weakness and 
prostration; free hydrochloric acid in the stomach (in over 90 per cent of the 
cases); macrocytic, hyperchromic anemia associated with a megaloblastic mar- 
row; a flat glucose tolerance curve; absence of neurologic manifestations (in 
the majority of cases); hyperpigmentation of the skin, particularly the face, 
arms and legs; and inflammation‘ and atrophy of the gastric and rectosigmoid 
mucosa. 

Tests for intestinal absorption. The oral-glucose-tolerance test was performed 
in ten cases, the vitamin-A-tolerance test in eight cases, the d-xylose-absorption 
test in six cases, and serum-vitamin-B,» levels were determined in four cases. 


80 gm.) of easily digestible animal and vegetable fats daily, and in addition, 
80 to 85 gm. of animal protein and about 200 gm. of carbohydrate daily, a total 
of 2,000 to 2,200 calories. A dietitian prepared all diets and urged patients to 
eat as much as possible during the period of the study. 

Study method. The fat-balance study continued for eight days. For every meal 
during this period, foods and liquids paralleling in kind and amount those con- 
sumed by each patient were analyzed for fat content. All foods and liquids left 


This term comprises, in order of frequency, abdominal distention, epigastric distress 
not necessarily related to the taking of food), heartburn, and abdominal discomfort and 
pain following ingestion of food 

‘For lack of a better term ‘‘inflammation”’ has been used to describe the appearance 
of tongue and mouth lesions, but these changes are not considered to be produced by an 
infectious agent 
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by the patients were collected by the dietitian, labeled, and sent to the laboratory 
together with daily equivalents of the diet. The weight of the left-overs was 
subtracted from that of the equivalents before fat analysis was done. Beginning 
on the third day after the special diets were instituted, all 24-hour stools were 
collected for fat analysis. The fat (fatty acids) in the diet and in the wet feces 
was determined by the ether-extraction procedure described by Van de Kamer 
et al. (1947). 


RESULTS 


Oral-glucose-tolerance test. This test was performed in one acute case of sprue, 
eight chronic cases in relapse and one chronic case in remission. A flat curve was 
obtained in nine cases and a normal curve in one chronic case in relapse. 

Vitamin-A tolerance test. This test was performed in one individual with acute 
sprue, six with chronic sprue in relapse, and one with chronic sprue in remission 
induced by folic acid and vitamin By». Low values (48, 72 and 108 yg.) were 
obtained for the case with acute sprue, while for five cases with chronic sprue 
in relapse values ranged from 36 to 105 wg. per 100 ml. of serum in the fasting 
specimen; from 37 to 127 yg. in the five-hour specimen; and from 42 to 159 ug. 
in the seven-to eight-hour specimen. For the remaining case with chronic sprue 
in relapse (Case 4) a value of 288 ug. per 100 ml. of serum was obtained for each 
of the three specimens. For this case both the glucose-tolerance and the vitamin- 
A-tolerance curves were flat, although the latter values were higher than those 
obtained for the other cases. 

The values for the case with chronic sprue in remission (Case 11) were 90 yg. 
per 100 ml. of serum for the fasting specimen, 162 yg. for the five-hour specimen 
and 322 ug. for the seven-hour specimen. lor this case both the glucose-tolerance 
curve and vitamin-A absorption were within normal limits but the patient ex- 
hibited steatorrhea during the period of the study, with fat in the stools ranging 
from 6.58 gm. to 14.10 gm. (Table 1). The steatorrhea subsided gradually during 
a period of 24 days following the study, when the patient was given a low fat 
diet, with a daily fat content ranging from 1.86 to 5.04 gm. and averaging 3.41 gm. 

d-X ylose-absorption test. This test measured the xylose excreted in total urine 
within five hours after ingestion of the sugar, and was performed in the case with 
acute sprue, three cases with chronic sprue in relapse, and two cases with chronic 
sprue in remission. The values obtained ranged from 1.1 to 2.4 gm., all lower 
than the normal value of 4 gm. Flat glucose-tolerance curves and low values for 
vitamin-A absorption were also observed in these six cases. 

Serum-vitamin-B,» levels®. These levels were determined in four cases. Values 
obtained, in micro-micrograms per ml., were 45, 50, 70 and 148, all low as com- 
pared with the value of 400 which is considered normal at the laboratory where the 
tests were performed. These patients had flat glucose-tolerance and vitamin-A- 
absorption curves and low d-xylose excretion in the urine. 

Fat-balance tests. The results of the fat-balance studies in the fourteen subjects 


are shown in Table 1. Steatorrhea was observed in ten of the twelve sprue 


patients; as a rule, stools of these patients were fluid or semi-fluid, bulky, pale 
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TABLE 1 


Fat balance study over a six-day period in cases of tropical sprue 


Fat content in grams per 24 hours 
Patient 
in feces State of illness at time 
of study 


Standard 
deviation 


_— _ — Standard 


Mean values 
deviation 


W ‘ 16.91 9.81* Chronic relapse 
W 57 8.91 2 1.79 Chronic remissiont 
W 22.76 5.96 2.15 Chronic relapse 
W 2% 22.80 9.63 16.91 Chronic relapse 
W 38 58.76 6.: 9; ¢ Acute 
W vi 3 17 { 3.3 Chronic 
C 36 ( 
Ww ) ss 15 ( 
C 54.! f 9. Chronic relapse 
( 
( 
( 


relapse 
‘hronic remissiont 


‘hronic relapse 
W 


WwW 
W 


‘hronic relapse 
‘hronic remission? 
‘hronic relapse 
Controls 
W 
C 


) 65.92 23.2 


5 2.09 1.01 
8 130.40 29 .92 2.62 0.57 


on 
2 
» 


* During the experiment fat eliminated in the feces of this patient varied from 3 to 29 
grams per day; there was no stool during one 24 hour period 
+t Induced by fo.ic acid and vitamin By 


and quite offensive. Frothy depositions were uncommon. A few stools were 
formed, and harder and darker than the others, but were still cifensive and 
contained over 6 gm. of fat per 24 hours. 

Each of the two control subjects passed less than 3 gm. of fat daily in the stools, 
even though one ingested a daily average of 130 gm. of fat. 


DISCUSSION 


The mean value of 6.02 gm. of fat obtained for Case 8, which did not show 
steatorrhea, can be considered a high normal. This patient was born in the 
United States but had lived in Puerto Rico for a number of years. During the 
course of the study he was practically asymptomatic but in a state of remission 
induced by folic acid and vitamin By. therapy. As he was a most cooperative 
individual he had been the subject of previous studies at different stages of his 
condition. During a relapse, between February and April 1955, he was the sub- 
ject of metabolic studies over a period of 21 days while on a regular hospital diet 
containing an average of 39.84 gm. of fat daily, and exhibited steatorrhea, with 
fat excretion ranging from 1.95 to 12.5 gm. daily and averaging 7.9 gm. Between 
October and November 1955, when his condition improved, he was given a diet 


* Serum-vitamin-B,. levels were determined at the Veterans Administration Hospital, 
Svracuse, New York, through the courtesy of Dr. J. A. Halsted. 
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containing an average of 35.5 gm. of fat daily for 11 days and again showed 
steatorrhea, with an average fat excretion of 11.83 gm. daily. 

The other patient who did not show steatorrhea (Case 3) also had a high normal 
fat excretion averaging 5.96 gm. daily. It is possible that the diet consumed by 
this patient during the course of the study, with fat content ranging from 21.9 
to 95.74 gm. (average 66.24 gm.) daily did not contain enough fat to reach the 
patient’s threshold so that he was able to absorb it. Further metabolic studies 
of this patient are to be carried out. 

Some consideration should be given to the diagnosis of sprue in the Caribbean 
area. Since the disease was first described by Ashford in 1908, local investigators 
have been feirly well agreed concerning the diagnostic criteria, which combine 
a characteristic clinical picture with certain laboratory findings. The clinical 
criteria listed earlier in this report were arrived at by one of the authors (RRM) 
from a study of 100 uncomplicated, untreated cases; in his experience of over 


twenty years, signs and symptoms have varied in frequency and intensity in 


different individuals, but a general uniformity of the clinical picture has been 
the rule. The most important laboratory findings usually include a low or flat 
oral glucose-tolerance curve; an anemia which is frequently severe and associ- 
ated with a megaloblastic marrow in untreated cases; and free hydrochloric acid 
in the gastric juice. 

It should be made clear that the criteria used for selecting the small group of 
cases included in the present study were based on observations made during the 
years before liver extract, folic acid or vitamin By. were sold over the counter, 
when the standard of living in Puerto Rico was perhaps fifty per cent below the 
present level. In those days the clinical syndrome of the average case of sprue was 
in full bloom when the patient first came under medical attention. In a recent 
study by Nadel and Gardner (1956) it was observed that patients with a diagnosis 
of sprue had a clinical history of weight loss, anorexia, lassitude and diarrhea, 
but not all were anemic. All the untreated cases had impaired absorption of d- 
xylose, butter fat and vitamin A, and those studied by dietary fat-balance 
determination had steatorrhea. This clinical picture may well be that of an early 
sprue which, if untreated, would in time develop the classical picture usually 
encountered twenty-five years ago. However, there is no proof of this, and we 
must wait demonstration that the clinical picture described by Nadel and 
Gardner would develop, if untreated, into the tropical sprue described by other 
workers in Puerto Rico. 


SUMMARY 


Fat-balance studies were carried out in twelve cases of tropical sprue in 
Puerto Rico and in two volunteer control subjects. The investigation involved 
determining by chemical analysis the total daily fat in a screening diet given over 
an eight-day period and the total daily fat eliminated in the feces during the same 
period. Steatorrhea, defined as a daily output of over 6 gm. of fat (fatty acids) 
in 24-hour stools, was observed in ten of the twelve cases studied and in neither 
of the control subjects. 
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SAUDI ARABIA—EPIDEMIOLOGICAL NOTES ON THE EASTERN 
PROVINCE 


M. L. TARIZZO 
Vedical Department, Arabian American Oil Co. Dhahran, Saudi Arabia 


I. THE ENVIRONMENT 


Saudi Arabia is a country about which little is known from the medical, and, 
even less from the epidemiological point of view, as the country has only re- 


cently been opened to outside influences. The organization of facilities for dealing 
with medical and public health problems is a matter of recent accomplishment 
and no complete data are as yet available, but it may be anticipated that these 
gaps in our knowledge will soon be filled, making it possible to improve the 
health conditions of the country. 

The most complete review of the available data is given by Simmons et al. 
(1954), but it refers to the country as a whole and some of the statements have 
proved not to be applicable to the Eastern Province. Two papers dealing more 
specifically with the medical problems of this area have appeared recently 
(Marett, 1953; Gasparini, 1954), but they too fail to give a comprehensive 
picture of the prevailing conditions since they are limited to specific aspects and 
include statements not supported by definite evidence. 

The lack of such basic information has prompted the writing of this paper 
which summarizes the observations and experience gathered during more than 
five years of work in the outpatient and medical services, and in the clinical and 
research laboratories of the Medical Department of the Arabian American Oil 
Company (Aramco). No attempt will be made to review all the medical 
problems present in the area and this paper will be limited to the communicable 
diseases present, with particular emphasis on the so-called ‘‘tropical’’ diseases. 
This is a preliminary report which cannot be as complete as desirable. Some of 
the points discussed may be further developed in future papers, but it is hoped 
that this will constitute a framework of which particular aspects may be sub- 
stantiated or corrected by other workers. 


DESCRIPTION OF THE EASTERN PROVINCE 

The natural environment. The Eastern Province of Saudi Arabia is situated 
along the western shore of the Persian Gulf; its boundaries with the Nejd, the 
central province of the kingdom, are usually identified with a sandy belt, the 
Dahana desert, which connects the two largest deserts in the peninsula, the 
Nefud in the north and the Rub al Khali in the south. The Eastern Province 
borders on the north with Kuwait and on the southeast with Qatar and Oman 
and extends southwards into the Rub al Khali (Fig. 1). 

Most of the province is essentially represented by a desertic plain of Tertiary 
sedimentary rocks gradually sloping toward the sea from the Central Plateau. 
The nature of the terrain is varied by gravel plains, parched saline mud flats, 
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Fic. 1 Coastal Area of the Eastern Province 


shifting sand dunes or more stationary sandy areas. No major elevations exist, 
but marked erosion has resulted in the formation of several low hills and of 
limestone escarpments. 

The vegetation is mainly concentrated in oases, in which date palms pre- 
dominate; the two major systems of oases are along the sea shore (Qatif and 
smaller oases around it) and in the Al Hasa area, southwest of Dhahran. Vege- 
tables and fruit cultivated in the oases include onions, potatoes, eggplant, okra, 
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figs, pomegranates, bananas, limes and melons; alfalfa is extensively grown and 
is used as food for animals; rice is also grown, especially in the oases of Al Hasa 
and Al Ajam. Outside the oases there is very little vegetation, seldom more than 
small bushes which are the main source of firewood, and various types of hard 
grass. Tamarisks are among the few trees found, in addition to those in oases, 
and the wood is used for construction. They also represent an effective barrier 
against the sand. 

No permanent natural water courses exist, but the areas in and immediately 
around the oases have numerous irrigation ditches which may be fairly large 


and deep; in the Qatif area they discharge the excess water into the sea, while 


elsewhere the water is run into depressed areas which, especially during the 
winter, become large and shallow swamps. The water supply is abundant, and 
actually the name Al Hasa, previously used to denominate the entire region, 
means etymologically ‘“‘the place with abundant and superficial water’. An 
indication of the superficiality of the water table can be seen in the winter when, 
after the rains, water seeps from the ground, and by the fact that even in the 
Gulf there are several sweet water springs in the sea bed, well-known to the 
local fishermen who use them as a water supply. There are many natural springs 
and some of them, especially in Al Hasa, have a very large output calculated 
at more than 20,000 gallons per minute (Vidal, 1955); in most cases these natural 
springs have been enlarged and excavated. Numerous water wells are present 
throughout the Province, and in the area around Qatif there are several ex- 
amples of the underground system of canals, the “qanat’’, built according to 
tradition by the Persians to bring water from distant wells. With the intro- 
duction of modern machinery artesian wells are now being drilled. The un- 
restricted use of water has resulted in the lowering of the water table, appreciable 
especially in the west of the country because of the general geological formation, 
a phenomenon which might have serious consequences for the future, as the 
water reserves are not replaced by the scanty rainfall. 

Climate. Preliminary data have been reported previously (Tarizzo, 1953 and 
1954). More accurate and detailed data are now available on the basis of ob- 
servations made in Dhahran by Aramco; they are presented in Table 1 and in 
hig. 2. 

These data may be considered as indicative of the general conditions pre- 
vailing in the Province, although considerable differences of course exist between 
the climate of Dhahran, located on a hill about 10 km. from the sea coast, where 
the meteorological data are recorded, and the various villages and towns situated 
along the coast or inland, and surrounded by palm groves or sand. 

The climate of Dhahran can be considered as a subtropical desert climate. 
It is characterized by elevated average temperatures with moderate daily and 
vearly variations; scanty rainfall and elevated relative humidity; and _ pre- 
dominating north and northwest winds. Seasonal variations are rather pro- 
nounced and can be appreciated in the graph (Fig. 2). In summer, the weather 
may be very hot and humid, especially in August and September; the scanty 
rainfall occurs in winter and spring, and while at times it may have a torrential 
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TABLE 1 
Veteorological data. Monthly ave rages 


Dhahran, Saudi Arabia: Longitude 50° 8’ E, Latitude 26° 19’ N. Altitude 33 
above sea level 


1 


2 3 
Relative 


emperature 
. humidity 


Barometric pressure 


Maxi- Mini 


Maximum Minimum 
mum | mum 


Inches Milli ches Mill 
Hg bars y bars 


January 70.0 2 5t 37.2) 29.91) 1012.9) 29.83) 1010.: 
8} 29.86) 1011.2 2% 1008. ; 
March 78.4) 2: 5.6, 83.6) 29.4) 29.81; 1009.5 29.72) 1006 
April 89.0 8 29.70 1005 4 1003 
May 101.0 38.3 25.5 65.6 .9 29.60 1002. 55 1000 
June 106.5 : : 52.9) 1% 29.39) 995.3) 29.35) 993.5 
July 109.9 43.3 20.3 2) 12.1) 29.29| 991.9) 29.25) 990.: 


February 71.7 


August 109.5, 4: : 74.9) 13.9) 29.34) 993.6 29.; 992. : 
September 104.2 26.: . 29.54 1000.3) 29.5 999 
October 96.2) 35.6) 72.3) : ¢ 29.75 1007.5 29.70 1005 
November 85.0) 2 i 3 3: 29.88 1011.9) 2¢ 1010.; 
December 73.9} 23.3) 5: 3.3 38.0) 29.96 1014.6 29.89 1012.: 


Yearly 91.3) 3: 7 5 23.7) 29.67) 1004.7) 29.61 1002.7 
average 


Extreme 123.0) 5 30.2 29.07, 984.4 
values 


recorded 


Based on 15 vears observations, from 1940 to 1954 inclusive 
Based on 5 years observations, from 1950 to 1954 inclusive 
Based on 4!'9 vears observations, from June 1950 to December 1954 inclusive 


Based on 15 vears observations, from 1940 to 1954 inclusive 


character, it is always limited to very short periods of time. The high relative 
humidity and the daily variations in temperature result in occasional formation 
of fog early in the morning, especially in spring and fall. The average wind 
velocity remains approximately constant throughout the year, with only a 
relative increase in June. 

The population. Prior to the development of the oil industry which started 
about 20 years ago, there were few Western people in the area. The local in- 
habitants were sharply divided into two cultural types: the agricultural people 
of the oases and the pastoral, nomadic Bedouins; in addition, there were com- 
munities along the seashore which derived their main income from fishing and 
pearl diving. The ruling class was usually constituted by people from other 
provinces. In summer there was some intercourse between the village dwellers 
and the Bedouins, when the latter settled around the oases. At that time, the 


Bedouins would sell camel products and objects of simple handicraft and buy 
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Fic. 2 Meteorological Data, Dhahran 


in exchange the few things they needed. This temporary settling of the Bedouins 
in summer coincided not only with the hot season and the drying of the grazing 
grounds, but also with the harvesting of the dates. Shortly after the date harvest, 
when the first rains came, the Bedouins moved out again. This, at least, was 


the general picture. This difference in economic and social pattern was empha- 
sized by a difference in religion. While all the inhabitants are Moslem, the Shia 
faith predominates among villagers and the Sunni faith is the only one followed 
by the Bedouins. The Shia are to be found only in this province of Saudi Arabia, 


and this can probably be explained by their contacts with other countries bor- 
dering the Persian Gulf; many of the Shia have relatives in Bahrein, Iran and 
Iraq, or trace their family history to these countries. 

The recent developments have determined considerable changes in such a 
relatively simple pattern of life. Many of the farmers have given up their former 
occupation and some of the nomads have been attracted by the security of a 
regular job. New communities have sprung up to accommodate them, new 
needs have arisen, and new occupations created to take care of these needs. 
Trade has increased, exchange between the various areas has become more 
active, the value of traditional goods has decreased; many of the palm gardens 
have been abandoned as dates have begun to lose popularity and therefore value. 
Gradually, private initiative is taking over the furnishing of necessities which 
the Company had to provide when the oil operations were first started. All this 
has resulted in a more multiform pattern of life and a gradual improvement in 
the standard of living. It has also resulted, however, in overcrowding in some 
of the communities, in a tendency to urbanization with little or no supervision 
and control and, therefore, in increasing the chances of spreading contagious 
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diseases which were, apparently, self-limited by the characteristics of the coun 
and by the slow means of communication. 

A description of the environmental factors cannot ignore the artificial en- 
vironment created by the Company in its compounds where all measures are 
taken to safeguard the health of the employees and their fam lies and which 
constitute an example and incentive for the rest of the Province. These “oil 
towns” are Dhahran, Abqaigq and Ras Tanura, as well as a few smaller camps. 

Around Dhahran live some 30,000 people, mostly Company employees who 
moved to this area recently from other parts of the country. On the coast lies 
Dammam with about 25,000 inhabitants; this is the seat of the provincial govern- 
ment and the main port, with deep-water facilities at the end of a 10-km.-long 
railroad pier. The railroad connects Dammam with Riyadh, capital of the coun- 
try. Al Khobar, a coastal town to the south, is the main market for western 
goods and caters to the needs of the foreign communities. 

North of Dhahran are the towns and villages of the Qatif oasis (Fig. 1) which 
stretches for about 13 km. along the coast, and averages some 4 km. in width, 
with smaller oases to the north and south, supporting in all about 70,000 people. 
In the area around Umm es Sahich, people of Bedouin stock have begun to adopt 
a permanent or semipermanent way of life, but still maintain ties with their 
tribes and often join them in their winter migrations. To the north and south 
old coastal caravan centers like Jubail, Uqair and Salwa have lost much of their 
importance due to the development of Dammam and Al Khobar. 

Southwest of Dhahran, about 150 km. by road, is Hofuf, the center of the Al 
Hasa oasis. It is the largest town in the Province with a population estimated 
at approximately 60,000 and was the residence of the Governor until recently. 
The oasis of Al Hasa comprises about 180 sq. km. of cultivated area and is in- 
habited by a total of approximately 160,000 people, living in some 52 villages 
and towns (Vidal, 1955). 

Traffic within the Province has considerably increased with the introduction 
of modern types of transportation. A network of hard surface roads now connects 
the various areas of Company operations and most of the principal towns; 
dirt roads which are practically always passable reach most of the other localities. 
Traditional means of transportation such as the camel and the donkey have 
given way to automobiles and trucks; donkeys and donkey carts are still used 
for most of the local traffic in certain areas within the main oases. The railroad 
to Riyadh serves Dammam, Dhahran, Abqaiq and Hofuf with fast and com- 
fortable trains. Air traffic has also been developed and air transportation is 
commonly used by the loval people for longer journeys. 

Various types of house construction are used in different parts of the Province, 


building materials varying according to local availability and economic possi- 


bilities. Thatched houses are present throughout, palm fronds being the most 
readily available material, and they are usually inhabited by people with lower 
incomes, or as a first step in a new settlement. Tents are used by the Bedouins, 
but recently have begun to be replaced by shacks built of wood and scrap metal 
in the semipermanent settlements. Houses built with mud bricks or, near the 
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sea, With coral stones predominate in richer communities. More recently cement 
blocks, made locally, have come into extensive use. The floor plan of the houses 
follows a common pattern with a residential part and a separate reception area, 
the ‘‘majlis’’; the whole house is always enclosed by a thatched fence or a wall. 
In the larger towns, two and three story buildings are fairly common and they 
usually include a courtyard. Modern architecture with western type of con- 
struction and floor plans is seen, especially in Dammam and Al Khobar, with 
only slight adaptation to meet the local needs. 

Piped water supply is still rare, but it has been introduced, especially in Dam- 
mam and Al Khobar, on a cooperative basis. No adequate sewage disposal 


facilities have been developed as yet and toilets, when they exist, frequently 


have an open drain outside the house; there are also no garbage disposal facilities 
except in the main towns where initial steps have been taken in that direction. 

The water for the various needs is usually obtained from open wells and at 
times from irrigation ditches. It is a common habit to wash clothes and bathe 
in communal water baths or open springs. Animals very frequently share the 
living quarters with the people and also their bathing places. Flies and dust 
abound and rats are frequently seen in the houses. The traditional habits of 
eating and drinking from a common container and of smoking from a common 
narghile further add to the chances of spreading communicable diseases. 

Livestock and domestic animals. Animals have an important part in the economy 
of the country and as already mentioned, man usually lives in close association 
with them. Different animals are kept according to the various patterns of life. 
The camel is almost exclusively associated with the Bedouin and is used for 
transport, but not as a work animal; it supplies the Bedouin with food, and its 
hide and wool are used for various purposes. The donkey, on the other hand, is 
strictly an animal of the villager and farmer; it is used for transport, for lifting 
water from the wells and for other work. Sheep and goats are very common and 
large numbers may be owned by individuals or groups, both Bedouins and 
village dwellers; their milk and meat represent one of the most important food 
sources, second only to dates and rice. As in the case of the camels, their hides 
and wool are basic raw materials. 

In addition to these animals, cows are occasionally kept by the village people, 
mainly for their milk supply as their meat is rarely used. Chickens are common 
and are kept by Bedouins as well as villagers. Horses are rare and are essentially 
kept for prestige by affluent persons. Pigs are totally absent for religious reasons. 
Religious reasons also tend to reduce the association with dogs and there is 
only a minimum of contact with them. Dogs, however, and especially the saluki 
the Arab grevyhounds—are kept as watchdogs and at times to herd the animals 
or for hunting. Cats are common and are also considered as pets. 

Wild life. The mammalian fauna of the Province is limited. Gazelles are now 
extremely rare. The jerboa is common and wild rabbits are occasionally seen. 
There are a few wolves and numerous jackals. Many species of bird are present 
Among reptiles and amphibians, several types of lizard and snake are present, 
some of the latter poisonous. Turtles as well as frogs abound in the irrigation 
ditches. Practically no information is available regarding the lower animals. 
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Diet. According to western standards, the traditional local diet is totally 
unsatisfactory, both in quantity and quality. The main sources of protein are 
sheep, goat and camel meat, and milk; this is supplemented by dates, rice and 
other vegetables and fruit. 

The usual daily fare consists of one or two meals of boiled rice variously 
seasoned and once or twice a week accompanied by boiled or stewed meat, most 
frequently mutton and on occasion camel, especially among the Bedouins. Along 
the coast, fish usually replaces meat as a source of protein. Dates are frequently 
eaten and sometimes represent the only food. Fresh dates are available only in 
late summer and fall and they are dried to preserve them for the rest of the year. 
Vegetables, usually boiled or stewed, are sometimes included in the diet. On 


special occasions chicken and hard boiled eggs are served with the rice. Sheep 


ghee and fat are the main source of fats. Religious precepts forbid eating the 
meat of animals which have died spontaneously, thus introducing a controlling 
factor in the spreading of diseases. 

Large amounts of coffee and tea are used throughout the day. In addition to 
water, milk is sometimes used as a beverage and, among the Bedouins, may 
represent the only source of fluids, especially during their migrations. Recently 
new items have been added to the diet and the ways of preparing food have also 
improved. Imported foods, especially canned fruit and juices, are very popular. 
It is interesting to note that infants are weaned very late; they are usually 
nursed for a year or more. 


Il. COMMUNICABLE DISEASES 
The various diseases will be treated separately, according to the following 
scheme: 
I. Diseases usually transmitted through the alimentary system: 

Amebiasis 
Other intestinal protozoal infections 
Schistosomiasis 
Ancylostomiasis and infections with related helminths 
Other helminthiases 
Dracontiasis 
Intestinal mylasis 

Diseases transmitted by blood-sucking insects: 
Malaria 
Leishmaniasis 
Filariasis 

Diseases usually transmitted by contact: 
Leprosy 
Mycoses 
Granuloma inguinale 
Smallpox 
Trachoma and other eye infections 

Cosmopolitan communicable diseases. 


Communicable diseases not present or not yet diagnosed in the Province. 
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DISEASES USUALLY TRANSMITTED THROUGH THE ALIMENTARY SYSTEM 


Amebiasis. The overall incidence of Entamoeba histolytica in stool examina- 
tions is approximately 10 per cent (Table 2); this, like the figures given in the 
table for other intestinal parasites, has only an indicative value as it is based on 
routine clinical material. Among the local population most of the cases harboring 
this parasite are asymptomatic or present only mild symptoms; among foreigners 
the incidence is lower, but most of these cases are more severe. Liver involve- 
ment is frequently seen in acute clinical cases, but it seldom evolves into amebic 
abscess. Other localizations of the amebae are very rare. There is no significant 
seasonal variation in the occurrence of the cases. 

Other intestinal protozoal infections. Protozoa common in other areas are also 
found here, but none of them presents any particular interest. Those routinely 
found are Entamoeba coli, Iodoamoeba biitschliit, Giardia lamblia, Chilomastix 


mesnili and Trichomonas hominis. No Ciliata (Balantidium sp.) or Sporozoa 


(Isospora sp.) have ever been found. 

Schistosomiasis. Although no foci could be detected in the Province itself, 
schistosomiasis is one of the most serious problems because of the high prev- 
alence among immigrants from other parts of the peninsula, the serious damage 
it causes and the treatment problems it involves. It has previously been pointed 
out (Tarizzo, 1954) that Schistosoma mansoni is much more prevalent and 
diffused in the rest of the country than vesical schistosomiasis, although the 
latter predominates in the surrouding countries— Yemen, Aden, Iraq and Egypt. 
It was also indicated in the same paper that the absence of local foci is related 
to the absence of adequate vector snails; this has been confirmed by further 


TABLE 2 
Parasitological findings in 115,707 routine stool examinations, January 1951 to Decembe 


1954, Arabian American Oil Co., Clinical Laboratories 


Species ositi Percentage 


Protozoa 
Entamoeba histolytica 
Entamoeba coli 
Todamoeba biitschlii 
Endolimax nana 
Dientamoeba fragilis 
Giardia lamblia 
Chilomastiz mesnili 
Ty i homonas hominis 
Helminths 
Schistosoma mansoni 
Hymenolepis nana 
Tenia sp 
1 8 aris lumbr icoides 
Trichuris trichiura 
‘*Hookworm”’ 


Stronqyloide s stercoralis 
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repeated searches in practically all the inhabited areas of the Province. Bulinus 
truncatus had been reported from Safwa (Abdel Azim, 1951), but this could not 
be confirmed and that report was based only on one empty shell. The lack of 
the proper snails in the Province must be related to still undetermined limnologi- 
val factors, but we cannot exclude the possibility that such snails, if imported 
into the area, might not establish themselves. An ideal way for transporting 
the snails, especially as clutches of eggs, is represented by the water bags of the 
nomad population which are usually filled by being dipped in the water. The 
nearest proved focus of schistosomiasis is the Al Kharj area, about 350 km. 
inland, along the railroad to Riyadh (Abdel Azim, 1951; Tarizzo, 1954). 

From a clinical point of view, the cases seen here do not present any particular 
characteristics. It should be mentioned, however, that anemia is seldom found. 
Very high eosinophilia, over 50-60 per cent, is frequently seen as a consequence 
of, or at least following treatment; in one case, personally treated and followed, 
the eosinophilia reached a value of 97 per cent. The eosinophilia always dis- 
appears gradually, without serious complications. Liver involvement is common 
and the many cases of cirrhosis, observed at times also in children, could possibly 
be related to previous schistosomiasis, in addition to nutritional deficiencies. 
Some of the newer drugs have been recently introduced, with results consistent 
with those obtained elsewhere (Tarizzo, 1956). 

As an indicative figure, S. mansoni is found in approximately 1.5 per cent of 
the stools submitted for examination (Table 2). Cases of the disease among 
foreigners, even among those who have travelled to other provinces, are ex- 
tremely rare. 

Ancylostomiasis and infections with related worms. Over the past years hook- 
worm eggs have been reported in approximately one per cent of the stool speci- 
mens examined (Table 2); they are common especially among Indians, but 
several cases occur also among the local population, particularly in people from 
the Dhafar area, south-east of Dhahran, near the coast of Oman, and from Oman 
itself. These cases are usually mild infections, very frequently asymptomatic 
and detected on routine stool examination. Whenever the actual parasite involved 
could be determined, either by examination of adult worms passed after treat- 
ment or by examination of larvae reared in stool cultures, this proved to be 
Necator sp. 

Personal observations, however, have more recently indicated that in at 
least half of the infections among local people eggs of Trichostrongylidae rather 
than hookworm are present. No adult worms could be obtained, so far, for species 
determination, but differences in appearance and size of the eggs and in the 
morphological features of the rhabditiform and filariform larvae obtained in 
culture suggest that at least two different species of Trichostrongylidae are 
present in man. Adult Trichostrongylidae have been found by the writer in the 
stomach and small intestine of five sheep examined for this purpose and have 
been identified as Trichostrongylus, probably T. colubriformis, Ostertagia sp. 
and Pseudostertagia sp. It has been reported that Trichostrongylus is commonly 
found in man in southern Iraq and that up to 25 per cent of the population of 
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Basra is infected (Watson, 1953). A high prevalence of infections with Tri- 
chostrongylidae in the Province would be consistent with the similarity of the 
ecological conditions. 

Other helminthiases. The helminths most commonly found are Trichuris tri- 
chiura and Ascaris lumbricoides. Considering the general environmental con- 
ditions the figures given in Table 2 are lower than might be expected, but as 
has been said, they must not be interpreted as showing the general prevalence. 
Hymenolepis nana and Tenia saginata are also present but, as expected, no cases 
of Tenia solium infection have even been seen. 

Echinococcus granulosus is occasionally found in man and the cysts are more 
common in the liver and the lungs. The natural history of F. granulosus in the 
area is still to be clarified, especially with regard to the definitive host. It appears 
that here also the worm frequently parasitizes camels, sheep and goats in its 
larval stage and apparently the cycle is completed in dogs which become infected 
~ating carrion; the relatively low number of human cases is consistent with the 
limited association with dogs. 

Enterobius vermicularis is present in a small number of cases. As a matter of 
record, eggs of Heterodera sp. were found once. Several adult Fasciola hepatica 
were recovered from the liver of a sheep. Fascioliasis has not been found in man 
but the intermediate hosts, Lymnaea sp., abound throughout the Province. The 
possibility of human infection should be kept in mind. Epidemiological data on 
the metacercariae are not available. 

Dracontiasis. The specific name of Dracunculus medinensis (from Medina, in 
western Arabia) indicates that infection with this parasite occurred in the Arabian 
qeninsula as early as the 18th century. However, no specific reference to this 
area could be found in the available literature. 

Seven cases of dracontiasis have been admitted to the hospitals of the Com- 
pany between 1950 and 1956, only three of which however, were personally seen. 
At least 3 of these 7 cases were definitely not autochthonous, but had been ac- 
puired in southern Iran. In two other cases the disease had presumably been 
contracted in the south-west of the Arabian peninsula, one in Nejran and the 
other in the nearby Zahran area. No reliable information is available regarding 
the origin of the other cases. 

Five of these cases had only one detectable worm and in all five the worm was 
protruding from the left tower extremity, at the ankle, on the dorsum of the 
foot or at the great toe; the localization on the left side only must be purely 
coincidental. In the other two cases multiple worms were present and were 
demonstrated by radiological examination; in one case in the subcutaneous 
tissues of the chest wall and in the other in both thighs. In the former case the 
diagnosis of dracontiasis was incidental to active pulmonary tuberculosis; this 
was the case with multiple worms in the trunk. In all other cases the diagnosis 
was established before admission, but the main reason for hospitalization was 
the development of complications, usually cellulitis. One case, however, was 
admitted for tetanus and the lesion caused by the worm had apparently been 
the point of entry for this infection. Clostridium tetani was isolated from this 
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lesion and the patient expired notwithstanding the institution of specific treat- 
ment for tetanus. No follow up could be obtained in any of the patients and no 
data are available regarding the possible intermediate hosts in the Province or 
in the rest of the kingdom. 

Intestinal myiasis. No cases of myiasis have been seen, but small larvae of 
cyclorrhaphous flies were found in the feces of a 4-year old girl and a young 
woman; both of them were unrelated Saudi Arabs residing near Dhahran. The 
larvae were found only once in each case, although repeated examinations were 
made. Both cases had mild diarrhea. 

Photographs of the larvae obtained from the first case were identified as such 
by Dr. Bertram, London School of Tropical Medicine and by Dr. Bequaert, 
Harvard Museum of Comparative Zoology. It was suggested that these larvae 
were, very likely, larvae of Phoridae and that eggs had been swallowed by the 
patient or that the stools had been passed in a contaminated container. 

In the second case, the larvae obtained were identical to those of the first case 
and were reared in the laboratory at room temperature. Pupae were obtained 
after about one week and adults after another 10-12 days. These adults were 
typical Phoridae, probably Apiochaeta scalaris, thus confirming the previous 
identification based on photographs of the larvae. 

Although it is very likely that the presence of the larvae was accidental, 
the two cases are reported because of the possibility that similar cases may be 
observed again and because, as far as it could be ascertained, no previous records 
of Phoridae exist for this country. 


Il, DISEASES TRANSMITTED BY BLOOD-SUCKING INSECTS 


Malaria. A considerable amount of work, both in the study of the epidemiology 
of the disease and in the application of intensive control measures, has been 
carried out by the Preventive Medicine Division of the Aramco Medical De- 
partment, in collaboration with the Saudi Arabian Government, under the di- 
rection of Dr. R. H. Daggy. This work has not yet been published in detail, 
but in some preliminary data Allen (1951) reported average parasite rates of 
82 per cent and average spleen rates of 96 per cent in the villages of the Qatif 
area in 1947 prior to the application of control measures, and indicated Anopheles 
stephensi as the main vector of the disease. In addition to A. stephensi, A. fluvi- 
atilis, A. sergenti, A. pulcherrimus, A. multicolor, A. coustani and A. hyrcanus 
were reported from this area by Buxton (1944) and Leeson (1948). More recently 
Davidson (1955) reported on the presence of DDT-resistant strains of A. 
stephensi in the area. 

Only a few points will be briefly mentioned here, to illustrate some of the 
characteristics of the disease in the area. Malaria was a very serious problem, 
especially in the oasis villages, until control measures were introduced in 1947-48, 
but now, although cases are still common, especially in the epidemic seasons, 
the situation has improved tremendously. Plasmodium vivax, P. falciparum 
and P. malariae are present; P. vivax usually predominates in inter-epidemic 
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periods, while P. falciparum is more common during the two seasonal epidemic 
waves, in May-June and November—December. 

The occurrence of initial urticarial symptoms has been personally observed 
in some cases of falciparum malaria; these symptoms have always disappeared 
after the institution of specific treatment without any coadjuvant therapy. 
Malarial hemoglobinuria (blackwater fever) is relatively rare and the few cases 
seen were all in Saudi Arabs, residents of nearby oasis villages. Usually a history 
of recent treatment with quinine was obtained. 

Visceral leishmaniasis. The first report of a case of visceral leishmaniasis in 
this area was published in 1953 (Tarizzo et al.). Since then the infection has 
been suspected in two other patients. One was admitted to the hospital in very 
critical condition and died shortly after admission. A post mortem could not be 
performed so that the diagnosis was not confirmed. Another suspected case 
originating from this area was recently observed in Kuwait (Wilson, 1956, 
personal communication). As mentioned in the previous paper on the subject, 
it might be that cases of visceral leishmaniasis evade detection and are diagnosed 
as malaria or other conditions and that the malaria control program has some- 
what interfered with the transmission of the disease. No data are available re- 
garding the possible vectors. Present information indicates that the disease, 
although present, does not constitute a serious problem. 

Rare cases of cutaneous leishmaniasis have been seen and the typical scars are 
fairly frequently seen on the face or, more seldom, on the extremities of local 
residents. Most of these cases can be traced to infections acquired in neighboring 
countries, especially Iraq and Syria, and no authentic autochthonous cases 
have been seen or reported. 

Filariasis. The presence of fiilariasis in the peninsula is frequently indicated 
in the text books of tropical medicine and parasitology but no original reference 
to the eastern part of the country could be found. The historical name of ‘“‘ele- 
fantiasis arabum”’ would indicate that the disease has been known to be present 
in the area for a long time, but it is possible that it was confused with other 
conditions such as leprosy or Madura foot. 

Cases of mild elephantiasis of the lower extremities and genitalia have been 
occasionally observed in the clinics and some of them have been seen in Al 
Ajam, a small village north of Dhahran. A specific diagnosis could not be made 
in most of these cases, but in some the condition could be related to other diseases 
such as lymphadenitis or tuberculosis. 

However, microfilariae of Wuchereria bancrofti were demonstrated in the 
peripheral blood of three cases. One of these cases was a woman from Pakistan 
who had only recently come to Saudi Arabia. The other two cases—personally 
investigated—are reported in more detail as they are believed to be the first 
cases from this country, although one of them at least had apparently been 
contracted outside the Province itself. 

Case #1: a 22-year-old Saudi Arab male, from Ghamid in the Nejd. Three 
years before he had moved from Ghamid to Jeddah and then, three months before 
the diagnosis was made, to Dhahran; he had visited Mecca, Medina and Taif, 
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but denied any other travel inside or outside the country. Ten months after 
moving to Jeddah he started to complain of fever with chills; these febrile epi- 
sodes lasted 2 or 3 days and occurred more or less regularly every 4—5 months; 
the first attack was accompanied by generalized itching. Many microfilariae 
(W. bancrofti) were seen in the peripheral blood examined in Dhahran to rule 
out a possible malaria infection. A periodicity curve was plotted (Fig. 3) by 
examinations of the peripheral blood every 4 hours: the highest count was ob- 
tained at 6 a.m. Other investigations failed to reveal anything of significance 
except a 14 per cent eosinophilia. The patient was treated with diethylcarbama- 
zine (Hetrazan), 50 mgm. three times a day for one week. After 4 months his 
symptoms had not reappeared, but the peripheral blood was still positive and 
he was given another course of treatment with the same dosage. Although 
asymptomatic, his blood was still positive two months later and the treatment 
was repeated for a third time. At the last examination, three months later, the 
smears were negative. 

Case *2: a 3l-year-old Omani male, admitted to the hospital for pleural 
effusion on the right side. The patient had left the Oman five years before ad- 
mission and had lived for 2 years in Zanzibar. From there he had moved to 
Qatar for one month and then to Abqaiq where he had lived for the last 3 years 
without ever leaving that area. Several microfilariae (W. bancrofti) were found 
in the fluid which was removed from the pleural cavity on admission. This fluid 
was intensely hemorrhagic, containing more than 1 million R.B.C./emm; the 
peripheral blood count showed 2,980,000 R.B.C./cmm. Microfilariae were found 


also in the peripheral blood and a periodicity curve was plotted by examining 
the peripheral blood every 2 hours (Fig. 3). Asin case * 1, the highest count was 
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obtained early in the morning. Further questioning of the patient after the diag- 
nosis of filariasis had been established failed to reveal any previous history 
which could be related to the disease. In addition to the pleural effusion physical 
examination revealed a mass in the upper abdomen, right side, the nature of 
which could not be determined. Hookworm eggs were found in routine stool 
examinations. The general condition of the patient deteriorated rapidly and he 
expired a few days after admission. A post mortem examination could not be 
performed and the specific cause of death could not be determined. The evidence 
available, however, strongly suggests that filariasis was not responsible for the 
fatal course, but was only an associated condition, probably acquired since his 
return from Zanzibar. 


Ill, DISEASES USUALLY TRANSMITTED BY CONTACT 


Leprosy. Only six cases have been personally seen and a review of the hospital 
records shows that 10 cases have been hospitalized in the period between 1949 
and 1956. It is possible that many more exist in the area since it is not unusual 
to see persons with signs highly suggestive of this disease in the local villages. 

The six cases mentioned were all seen in the clinics or hospitals of the Com- 
pany and the diagnosis in each case was confirmed by examination of nasal 
mucus, lymphnode puncture or biopsy, and both tuberculoid and lepromatous 
cases were seen. Three of these cases were not from this area but from Yemen 
or Aden. All these cases were treated with sulfones (Promin) with satisfactory 
results; one case of “‘lepra reaction’ occurred during treatment. Isoniazid was 
used in one of these cases, but this patient could not be followed long enough 
to draw any conclusions. 

Mycoses. Superficial mycoses are fairly frequent and are also often seen among 
foreigners. No particular varieties have been observed and the etiological agents— 
which have been determined only in few cases—are apparently limited to a few 
cosmopolitan fungi. Superimposed pyogenic infections are not rare. Infections 
of the subcutaneous tissues, on the contrary, are relatively rare or at least have 
been rarely diagnosed, with the exception of Maduromycosis; several of these 
cases have been observed and they will be presented separately in a paper in 
preparation. 

Granuloma inguinale. Two cases with the classical clinical features of granuloma 
inguinale were seen, but the diagnosis could not be confirmed in either case by 
microscopic examination or by biopsy. One was a male Saudi Arab from Al 
Hasa and the other a female Saudi Arab from Qatif. In one of these cases a 
complete clinical cure was obtained with streptomycin, after partial improve- 
ment had been obtained with courses of stibophen, chloramphenicol and oxy- 
tetracycline; no follow up could be obtained in the other case. 

Another two cases were diagnosed as lymphogranuloma venereum, but the 
information available is limited; one of them improved with treatment with 
sulfadiazine and chlortetracycline and clinical cure was apparently obtained 
after surgical treatment. 

Smallpox. Several people among the adult population show signs of old small- 
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pox infection and it is common knowledge that the disease was widespread, 
with severe epidemics throughout the Province and the rest of the country. 
However, the introduction of modern medicine has resulted in an almost com- 
plete control of the disease. Smallpox vaccinations have been given routinely to 
all new Company employees and to all patients admitted to the hospital of the 
Company. Mass vaccination campaigns have been carried out and smallpox 
vaccinations are now also given by Government authorities and physicians. 
Smallpox vaccination is readily accepted by the population and it is very fre- 
quently specifically requested. It is interesting to note that local tradition traces 
the introduction of smallpox vaccination in the country to two local practitioners, 
Hanoon and Yasin, who used the secretion from two cases of smallpox from 
Bahrein to vaccinate the people of Jish, south of Qatif, about 30 years ago. 

Cases of smallpox are still occasionally seen, usually among people who have 
recently come from the desert and minor epidemics still occur, especially during 
the winter. 

Trachoma and other eye infections. As in other Middle East countries, eye 
infections are very common; the very high prevalence of trachoma in the Hofuf 
area and the early age of onset are mentioned in two recent papers (Bietti, 
1955, Bietti et al., 1955). The importance of these diseases resulted in the organi- 
zation in 1954 of a joint program of research on trachoma sponsored by Aramco 
in collaboration with the Harvard School of Public Health. 

Preliminary data confirm the very high prevalence of trachoma and other 
follicular eye infections throughout the Province, which reaches almost 100 


per cent in certain localities; the results obtained in the course of epidemiological 
studies will be published elsewhere. Bacterial eye infections (Morax-Axenfel 
and gonococcal) are also relatively common and a certain number of cases of 
blindness due to smallpox are also seen. 


IV. SOME COSMOPOLITAN COMMUNICABLE DISEASES 


Brucellosis has been diagnosed very rarely, but it is quite possible that other 
‘vases have passed unobserved or have been diagnosed as other diseases such as 
influenza, malaria, typhoid or tuberculosis; conditions would seem to be ideal 
for the spread of the disease, as sheep and goats have a large part in the economy 
of the country and no attempt is made to control them and their products. 

Typhoid occurs mainly during the summer months, but a few cases are present 
throughout the year. In addition to Salmonella typhosa several other Salmonella 
have been isolated from the stools of patients with various gastro-intestinal 
disorders, but specific identification was carried out only in a few cases. 

Shigelloses are also present throughout the year though more prevalent during 
the summer. However, they do not represent a particularly serious problem and 
acute bacillary dysentery is relatively rare. Various types of Shigella have been 
isolated. 

Poliomyelitis is occasionally seen in its paralytic form, but specific etiological 
diagnosis has not yet been possible and no data are available regarding its prev- 
alence in the area. It is very likely that the disease is present mainly as a sub- 
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clinical entity and that the level of antibodies is high among the adults. Sequelae 
are seen in a few cases. 

Tuberculosis is one of the major problems, together with malaria, trachoma 
and some intestinal parasitic diseases, and as such its study has been undertaken 
by Aramco and plans are being formulated for the introduction of specific control 
measures. Probably the most significant feature of the disease—which is con- 
sistent with the general environmental conditions—is the occurrence of acute 
primary complexes among adults and the presence of generalized systemic 
involvements; miliary tuberculosis, peritonitis and meningitis are relatively 
common. The more severe, generalized cases usually occur in people who have 
only recently moved from remote communities to a settled life in more crowded 
environments. Parallel with these features indicating lack of specific defenses is 
the fact that these cases usually respond dramatically to specific treatment, 
when this is instituted early in the course of the disease. 

Cerebrospinal meningitis by Neisseria intracellularis is endemic throughout 
the year at a very low level, but occasionally minor epidemics have occurred, 
usually at the end of the winter. Apart from tuberculous meningitis, other forms 
are rare. 

The presence of viral encephalitis is suspected on clinical grounds, but no 
data are available regarding types and vectors. 

Among the so-called “childhood diseases”, measles, chicken pox and mumps 
are common, especially among children in the more crowded and larger com- 
munities. Their respective seasonal incidences being winter and summer for 
measles, winter and spring for chicken pox, and fall and spring for mumps. 
These three diseases are frequent in adults, especially Bedouins who have re- 
cently moved to this area. Complications of mumps such as epididymitis, men- 
ingismus and, in a few cases, pancreatitis, are relatively frequent. The develop- 
ment of pneumonia or broncopneumonia after measles is also relatively common. 
Scarlet fever is strikingly absent. 

Rabies in man is extremely rare, probably because of the scarcity of dogs and 
of the limited association with them. 


V. COMMUNICABLE DISEASES NOT PRESENT OR NOT YET DIAGNOSED IN THE 
PROVINCE 


Among the more important communicable diseases which have not been 
diagnosed in the area are cholera, dengue, leptospirosis, plague, relapsing fever, 
typhus and yellow fever. Some of these may be present, but if so, they do not 
represent major problems. 

Cholera was apparently present in the Persian Gulf area up to 30 years ago. 
No records are available to indicate whether the disease was present in this 
particular region. Unidentified paracholera vibrios are occasionally isolated from 
the stools of patients with diarrhea; their possible significance must be minimal, 
although it cannot be excluded that they represent mutations of pathogenic 
strains. 

No proved case of dengue has been seen. Many cases of benign febrile illnesses 
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occur, some of them strongly suggestive of viral etiology and with definite peri- 
odical recurrences, usually in the spring. 

Although leptospirosis has not yet been diagnosed, conditions would seem to 
be compatible with its presence. 

The absence of plague is explained by the absence of fleas, possibly because 
of the very high temperatures occurring in late spring and summer in connection 
with low humidities; reports indicating the presence of fleas in certain localities 
have been occasionally heard, but spot checks have, so far, failed to confirm this 
and even the offer of rewards has failed to yield any positive result. 

Relapsing fever is stated to be present in Arabia (Strong, 1944), but no original 
reference could be found. No cases have been seen in this area and no data are 
available regarding possible vectors. 

Typhus and other rickettsioses have also never been shown to be present, but 
epidemic typhus and Q fever are believed to exist. Pediculi are very common; 
no data are available regarding ticks and mites. 

Finally, the absence of yellow fever is consistent with the known geographical 
distribution of the disease. The only available data regarding protection tests, 
however, refer to the western part of the country, where no evidence of previous 
infections was found (Smithburn et al., 1949). 


SUMMARY 


These data were gathered over a period of 5 years from the out-patient and 
medical services of the Arabian American Oil Company. The main factors de- 


termining the health conditions of the Eastern Province of Saudi Arabia are the 
subtropical desert climate, the concentration of the settled population in limited 
areas in oases or along the coast, and the way of living of the people. The climatic 
and environmental factors characterizing the area are probably responsible for 
the absence of major epidemics, but such communicable diseases as tuberculosis, 
eye infections and various protozoal and helminthic parasitoses are endemic at a 
high level. The oil industry has given a sudden impulse to the development of 
the area, resulting in urbanization and increased traffic, but also in the creation 
of medical and public health facilities, and in an attempt to solve local problems 
by basic sanitation and education. 
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EFFECT OF 25 MILLIGRAMS OF PYRIMETHAMINE ON THE IN- 
FECTIVITY OF PLASMODIUM VIVAX, ST. ELIZABETH 
STRAIN, TO ANOPHELES QUADRIMACULATUS 
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Diseases, Laboratory of Tropical Diseases, P. O. Box 717, Columbia, 


South Carolina 


A preliminary announcement that pyrimethamine (Daraprim®) sterilizes 
Plasmodium vivax (St. Elizabeth strain) gametocytes was made in 1953 by 
Coatney et al. The present report gives the details of these observations. The 
malaria had been induced in neurosyphilitic patients. Medication consisted of a 
single 25-milligram tablet of pyrimethamine given orally. 

Anopheles quadrimaculatus, Q-1 strain, was used to test infectivity of the 
treated patients to mosquitoes. Control mosquito feedings were made on all 
patients from one to four hours before drugging. Infections in these mosquitoes 
demonstrated the presence of viable gametocytes. 

Mosquitoes were fed at four-hour intervals for the first 24 hours after treat- 
ment on Patient number 1; otherwise all feedings were approximately at 24-hour 
intervals from time of dosage until at least no more gametocytes could be dem- 
onstrated in the smears. 


Parasites and gametocytes were counted on Earl-Perez smears made at the 


time of feeding. Such smears were continued for 7 to 28 days after the disap- 
pearance of parasites. Table 1 summarizes the parasite and gametocyte densities 
at feeding time as well as the results of subsequent mosquito dissections.! 


The parasites and gametocytes continued to be present for as long as seven 
days after treatment. However, there appeared to be an immediate effect upon 
the vitality of the gametocytes as the number of mosquitoes infected as well as 
the intensity of the infections began to decrease shortly after the drug was 
given. The oocysts seen 8 and 12 hours after the drug were retarded in size and 
abnormal in appearance and these were not able to mature into sporozoites. No 
oocysts were found 16 hours or more after drugging. No sporozoites were seen 
eight or more hours following the drug, which indicates that pyrimethamine was 
able effectively to break the sporogonous cycle within this time. 

Shute and Maryon (1954), using the Madagascar strain of P. vivax, found 
that five milligrams of pyrimethamine appeared to have some effect and that 50 
milligrams effectively interrupted sporogony within two hours. Their results 
correlated with ours indicate that the rapidity of the devitalizing effect upon the 
sporogonous cycle was related to the amount of pyrimethamine given. 


1A Korean strain of P. vivax was tested under the same conditions. Before the drug 


was given, 45 per cent of the mosquitoes were infected; 24 hours after the drug and subse- 
quently, no mosquitoes were infected. 
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TABLE 1 
Effect of 25 milligrams pyrimethamine on the ability of Plasmodium vivax 
(St. Elizabeth strain) to infect Anopheles quadrimaculatus 


Patient | 


No Mosq. fed Parasites |Gametocytes| No. mosq. Der cont tal. Av. oocysts | Av. sporo 


percmm.| per cmm. dissected per gut | zoite index* 
Before treat.: 
4 hr. 2822 88 : { 5.4 | 3.0+ 
After: 
4 hr. 1448 . a 2.0+ 
ie 2832 8 : 0.0 
12 « 776 ‘ : a 0.0 
eee 936 ‘ ' | _ 
_— 1328 y , ” 
1 da. 960 : _ 
2 * 320 : ; ited 
112 | i‘ ** 
88 
32 
2 Before treat.: 
1 hr. 1820 
After: 
1230 





Before treat.: 
4 hr. 1992 
After: 
20 hr. 688 
2 da. 152 
3 50 
.™ 16 
5 


6 “* 





Before treat.: 
1 hr. 
After: 


10 
11 


* Sporozoite index = 1+ 1-9 sporozoites 
2+ 10-99 sporozoites 
3+ 100-909 sporozoites 
4+ 1000 or over 
= No gland dissections when no guts were infected. 
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THE SUPPRESSIVE AND PROPHYLACTIC EFFECTS OF PUROMYCIN 
AGAINST INTESTINAL PROTOZOA 


MARTIN D. YOUNG anv JOE E. FREED 


National Institutes of Health, National Institute of Allergy and Infectious Diseases, Laboratory 
of Tropical Diseases,! and the South Carolina State Hospital, 
Columbia, South Carolina 


It has been shown previously that four grams of puromycin (Stylomycin*) 
given in a four-day period remove the protozoa from the human intestine (Young 
and Freed, 1956). The present experiments were designed to test the suppressive 
and prophylactic effects of the drug against intestinal protozoa in an area of high 
exposure risks. 


MATERIALS AND METHODS 


The patients were white females who were long-term residents of a mental 
hospital, but were housed in a new building. There were about 160 patients in 
the building, equally divided among four wards. Because of the hygienic practices, 
the risk of exposure to parasitic infections due to physical environment was low, 
but as many of the patients were unhygienic in their personal habits, the exposure 
risk due to human factors was very high. 

Before giving the drug, fecal specimens taken on each of three days were 
examined by direct smear, iodine smear, and zinc sulfate flotation methods. 


Following the beginning of medication, one or two fecal specimens per week were 
examined by the above methods for 10 weeks. In cases of known Entamoeba 
histolytica infections, attempts to culture the organisms by the Boeck-Drbohlav’s 
Locke-Egg-Serum medium were done if the parasite could not be found by the 
routine methods. 


The first experiment was to test the suppressive and prophylactic effects of 
puromycin given in weekly or daily doses to part of the patients on a ward. 
No preliminary therapy was given nor was any change made in the living habits 
or arrangements of the patients. The patients receiving medication were on the 
wards with untreated ififected patients who constituted an exposure risk. 

The second experiment was designed to test the prophylactic effects of weekly 
doses of puromycin following removal of the intestinal protozoa by a therapeutic 
regimen (Group C), and to determine the rate of acquisition of parasites following 
the removal of the protozoa (Group B) or after cessation of a prophylactic regi- 
men (Group C). 

For this experiment, all of the occupants of Ward C were divided into three 
groups. The smallest group (A) with 16 patients was used as a control and con- 
stituted the exposure risk to the others. Group B with 17 patients received a 

1 Post Office Box 717, Columbia, South Carolina. 


2 The puromycin was supplied to us as Stylomycin for testing by Lederle Laboratories 
through the courtesy of Drs. Redginal Hewitt and Stanton M. Hardy. 
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therapeutic regimen of 500 mgm. of puromycin B.I.D. x 4 days. Group C with 
19 patients received the same therapeutic regimen as Group B, followed by a 
prophylactic regimen of 250 mgm. of puromycin on Monday, Wednesday and 
Friday for six weeks. Other than administering the drug, no changes were made on 
the ward. 


RESULTS 

The data of the first experiment are summarized in Table 1. The best results 
were obtained with 100 mgm. daily for 10 days. Of the 17 amebic infections, 14 
were suppressed during treatment and 9 apparently cured. No new infections 
were acquired while the drug was being taken. 

The results with the weekly doses of puromycin were not very good. Only rela- 
tively few amebic infections were cured and the drug did not prevent the ac- 
quisition of flagellate infections, for a total of one Trichomonas hominis, one 
Giardia and five Chilomastix infections appeared during treatment. 

These findings led to the setting up of the second experiment which involved 
all of the occupants of one ward. Most of the patients (Groups B and C) were 
given therapeutic regimens of puromycin and some of these (Group C) in addi- 
tion received a maintenance drug as a follow-up. The third group of patients 
(Group A) was not treated and was kept as controls. The infections in these pa- 
tients constituted the exposure risk and furnished a test of the prophylactic drug 
regimen. 

The results are shown in Tables 2 and 3. From these results it is apparent that 
the therapeutic regimen of puromycin, 1 gram daily for 4 days, eliminated all of 
the 49 protozoal infections from the 36 patients involved. In Group B the first 
infection was found the fourth week after treatment (Table 2), and at the end 
of 10 weeks, six infections had appeared in this group. Group C was completely 


TABLE 1 


The suppression and prophylactic effects of 3 regimens of puromycin on intestinal protozoa. 
There were 10 patients in each group* 


100 mgm. d X 10d 250 mgm. wk. X 5 wks 500 mgm. wk X 5 wks. 


Suppressed Cured Suppressed Cured Suppressed Cured 


E. histolytica l 0/1 0/1 0/1 1/1 0/1 
E. coli ¢ 4/6 1/10 1/10 1/10 | 1/10 


Todamoeba - - 0/1 0/1 
E. nana } f 4/9 ¢ 3/4 | 2/4 
Chilomastiz - 0/1t 1/3t 1/3t 
T. hominis - —§ -§ - — 
Giardia.... — —§ — - 


* In the fraction, the denominator is the number of infections present at beginning of 
treatment and the numerator is the number suppressed or cured. 

+ Three acquired during treatment. 

t Two acquired during treatment. 

§ One acquired during treatment. 
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TABLE 2 
Therapeutic and prophylactic effects of puromycin on intestinal protozoa in mental patients. 
Drug started April 30, 1956 


Drug regimen 
500 mgm. BID xX 4 days followed by: 
A. Control group » SE 
(No drug given) 
C. 250 om, ene 


Number 
patients 


Individual protozoal infections present 


Weeks after 
April 30 - — —_—__—_—— —_—__—_—~ — eancnenatmcinnantnieninetictagnamee 
Cum. total 


Cum. total Total Cum. total 


24 
0 
0 
0 
92 1 
34 
37 
37 
8 2 37 
9 2 42 d 
10 , 43 1 


The total columns show the number of infections present during any one week. 
The cumulative total shows the total number of different individual infections occurring, 
whether intermittently or continuously, during the observation. 


protected against infections during the six weeks of prophylactic puromycin and 
showed the first infection two weeks following cessation of the drug (the eighth 
week of observation). A second infection appeared during the tenth week of 
observation. 

Meanwhile the infections in the untreated control patients tended to increase 
during this period. The rise in the number of infections in this group showed that 
transmission was occurring and that the drug groups were exposed to the infec- 
tions. Table 2 illustrates the amount of risk of Group C to Groups A and B 
during any week. 

The cumulative infections (Table 2) show the total number of infections present 
either intermittently or continually throughout the period. The parasites in the 
control Group A plus the parasites added in Group B after the third week con- 
stitute the total risk to Group C which was receiving prophylactic treatment for 
six weeks. The active transmission of the infections in the same ward constituted 
a severe challenge to the drug during the prophylactic tests. 

Certain conclusions appear logical from these observations. After the infec- 
tions have been cleared by a therapeutic regimen of puromycin, patients can be 
protected against new infections by a maintenance dose of 250 mgm. three times 
weekly in an area of relatively high exposure. 
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TABLE 3 
Total individual (cumulative) protozoal infections present at any time during the 10-week 
observation period, by species 


Group Ct 


Group A* Group Bt 


Week / Week 


al 


L 


E. histolytica 
E. coli 


Iodamoeba 


—_ 
. oo 8 


E. nana 
Chilomastiz 
T. hominis 
Giardia 


Total 


* No treatment. 
+ Cleared of protozoa by initial 4-day treatment with puromycin. 
t Initial treatment followed by 6 weeks on prophylactic dosage. 


Of particular interest were the results in four infections of FE. histolytica, two 
in Group B and two in Group C. All four were eliminated and the patients were 
still free of the infections 10 weeks later. During this period, three new infections 
with EZ. histolytica had appeared in the control group. This confirms similar results 
with a shorter post-treatment observation period based on 14 E. histolytica in- 
fections reported previously (Young and Freed, 1956). Puromycin appears to be 
effective against asymptomatic infections of EF. histolytica. 

Drug reaction. All patients receiving one gram daily had diarrhea and four 
vomited. These reactions developed on the fourth day of medication and were 
not severe enough to stop treatment. These side effects disappeared rapidly upon 
reducing the amount or withdrawing the drug. Previously 14 patients had re- 
ceived one gram daily for four days without any reaction. 


SUMMARY 


The suppressive and prophylactic action of puromycin was tested on patients 
of a mental hospital who were exposed to a high rate of infection with intestinal 
protozoa. In an exposed group of cases receiving 100 mgm. of the drug daily for 
10 days, about half the amebic infections were cured and most of the rest were 
suppressed. Weekly administration of as much as 500 mgm. for 5 weeks effected 
few cures and failed to prevent new infections. 

A group of patients on a heavily infected ward were then cleared of protozoa 
with one gram of puromycin daily for 4 days, and about half of these were con- 
tinued on a prophylactic regimen of 250 mgm. thrice weekly for 6 weeks. The un- 
protected group began to acquire infections during the 4th week after cessation 
of treatment, while the rest remained uninfected throughout the 6 weeks of 
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prophylaxis, although constantly exposed. Two weeks after prophylaxis was 
discontinued, this group also began to acquire infections. 

All the patients receiving one gram daily had diarrhea on the 4th day and a 
few vomited, but these reactions disappeared on reducing or withdrawing the 
drug. The lower dosages did not produce side reactions. 
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HISTOLOGICAL OBSERVATIONS ON THE INFLUENCE OF A 
SPECIAL DIET USED IN EXPERIMENTAL AMEBIASIS 
IN GUINEA PIGS! 


Joun E. Lyncu 
Parasitology Laboratory of the Pfizer Therapeutic Institute, Maywood, New Jersey 


Numerous references appear in the literature demonstrating the importance 
of diet, among other factors, in resistance to the development of infectious dis- 
eases. This is especially true in the case of parasitic infection of the intestinal 
tract. A review on the importance of nutrition in intestinal parasitism (Frye, 
1955) cites references which point out that resistance or susceptibility to this 
condition is a local phenomenon, involving some change in the cells of the in- 
testinal mucosa. In amebiasis, diet has been shown to affect the incidence, course 
and final outcome of infection in man (Elsdon-Dew, 1949; Alexander and 
Meleney, 1935) and experimental animals (Faust ef al., 1934; Taylor ef al., 1949; 
1952; 1954-55; Sadun ef al., 1951). Diet also affects the intestinal flora and it is 
thought that a symbiotic relationship between the amebae and one or more 
species of bacteria is necessary before amebic invasion of the tissues occurs. 

For some time the author has been evaluating compounds for antiamebic ac- 
tivity in guinea pigs, and has found the severity of infection dependent upon the 
diet used. When guinea pigs were maintained on a commercial diet of Rockland 
C Fortified Guinea Pig Diet, they consistently showed the development of a low 
order of infection, which was mainly characterized by an implantation of En- 
tamoeba histolytica, and occasional small scattered ulcers. To obtain an acute ul- 
cerative and fulminating infection, it was necessary to employ a synthetic diet 
described by Roine and Elvehjem (1950)?. These workers studied the cecal flora 
of guinea pigs receiving the synthetic diet and compared it to the cecal flora of 
guinea pigs receiving a basal diet. The more complete synthetic diet differed 
from the basal diet only in that it contained added gum arabic, potassium acetate, 
and magnesium oxide. Significantly more coliform and anaerobic bacteria were 
found in the ceca of animals maintained on the synthetic diet. The investigators 
stated that it was probable that the beneficial effect of gum arabic as well as 
that of potassium acetate and magnesium oxide on the growth rate of guinea pigs 
was based on the formation and maintenance of a proper intestinal flora. They 
further stated that evidently there was a well-balanced symbiosis between the 
host animal and the different bacteria, and that disturbances in this balance pro- 
duced nutritional disorders. On the basis of these observations it appeared that 
the balance in cecal flora was necessary, as evidenced by the development of 
severe fulminating infection in guinea pigs when the synthetic diet was employed. 

1 Presented at the Fifth Annual Meeting of the American Society of Tropical Medicine 


and Hygiene, New Orleans, Louisiana, November 3, 1956. 
2 Prepared by the Food Research Laboratories of Long Island City, New York. 
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In this laboratory guinea pigs used in chemotherapeutic studies were main- 
tained on the synthetic diet for 21 days, that is, pre-conditioned for 7 days prior 
to inoculation intracecally by laparotomy with approximately 100,000 tropho- 
zoites of the NIH 200 strain of 2. histolytica, and then held on the diet for a 14 
day observation period. Infected controls had consistently shown an average 
degree of infection (A. D. I.) of 3.2-3.5 where 4.0 is a maximum infection and 
denotes extensive ulceration of the cecum. Using the commercial ration we had 
been able to obtain an infection grade of 1.7 where a score of 1.0 indicates the 
presence of amebae and 2.0 indicates amebae present plus scattered small ulcers. 

The present study was undertaken to determine if possible, why this procedure 
was necessary. Since it has been well documented that diet does influence the 
development of experimental amebiasis, the author attempted to discover how 
diet affected the incidence, course, and outcome of the experimental infection. 

At first it was thought that perhaps the feeding of selected bacterial species to 
guinea pigs maintained on the commercial Rockland C Fortified Guinea Pig 
Diet might bring about a condition in the cecum similar to that resulting from 
the use of the synthetic diet, and produce a high order of infection. If the higher 
order of infection were produced by the commercial diet supplemented by the 
bacterial implantation, there would be evidence that the synthetic diet func- 
tioned by bringing about a balance in the cecal flora optimal for the development 
of infection by E. histolytica. 

At the same time it was decided to approach the problem from another point 
by conducting a histological study of the ceca of guinea pigs maintained over 
varying periods on the special diet without being exposed to FE. histolytica and 
also to conduct a comparative study on the ceca of guinea pigs fed the commer- 
cial diet. Should alterations in the cellular structure of the ceca be demonstrated, 
evidence would be presented which would offer an explanation of what effect 
the diet per se had on the development of experimental amebiasis in guinea pigs, 
especially if the alterations were found only in the ceca of guinea pigs fed the 
synthetic ration. 


MATERIALS AND METHODS 


The guinea pigs used in the present study were obtained from a local supplier, 
and were of both sexes, weighing an average of 225 grams when received. 

The following bacterial species were fed to guinea pigs maintained on the com- 
mercial diet: Escherichia coli, Micrococcus pyogenes var. aureus, Proteus vulgaris, 
Streptococcus faecalis, Aerobacter aerogenes, Pseudomonas aeruginosa and Clos- 
tridium perfringens in addition to the cecal flora associated with the use of the 
special diet, the flora associated with the NIH 200 strain of EZ. histolytica, and 
the flora associated with the use of the commercial diet. Heavy suspensions of 
these organisms were fed daily in phosphate buffer at pH 7.0 to guinea pigs in 
volumes of one to three ml. per day for five consecutive days either prior to or 
after inoculation with FE. histolytica, and in other trials, both before and after 
inoculation. 

Groups of noninfected guinea pigs were fed the synthetic diet for seven, four- 





Fic. 1. Section of guinea pig cecum maintained on the commercial diet for 21 
days. Mucosa is fairly uniform in thickness and structure throughout. Cells are all normal, 
showing no evidence of vacuole formation, and the glands are normal with no evidence of 


dilatation. Entire surrounding wall and muscle are also normal in appearance. 


Fia. 2. Section showing very thin wall in which the mucosa is also thin but intact and nor 
mal in appearance. Guinea pig has been maintained on the special diet for 7 days. The glands 
are swollen but they are present and the mucosa is lined by normal columnar epithelial 


cells. No marked abnormal feature of this mucosa is present. The remainder of the wall is 


normal in appearance 
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Fic. 3. Specimen of guinea pig cecum maintained on the special diet for 14 days. Some 
of the glands in this section have dilated lumina and retention of secretion, and in others 


the cells are markedly distended with vacuoles of secretory material. Some areas present 


a picture of hyperplasia. In areas where there is most active hyperplasia, the surrounding 


tunica propia shows the cells with large vesicular nuclei and in some areas there is a marked 


round cell infiltration 





Fic. 4. Section of guinea pig cecum maintained on the special diet for 21 days. Parts of 
the mucosa through this specimen are very thin although in this area the mucosal surface, 
together with the glands, appear quite normal. There are other areas of the same lining in 
which the mucosa is thrown up into numerous rugal folds and here the epithelial cells show 
considerable vacuole formation and retention of secretory material. Some of the glands in 
these areas are also undergoing cystic dilatation. The vascular portion of the wall is normal 


in structure 
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teen, and twenty-one days. After these periods the animals were sacrificed and 
sections of the ceca were processed and studied histologically. Guinea pigs fed 
the commercial diet were studied in a similar way. Three separate trials were 
carried out, the sections shown in Figures 1-4 being representative of each trial. 
A later study was carried out using white rabbits fed the synthetic diet over the 
same twenty-one day period. The tissue alterations noted for the guinea pig were 
also evident for the rabbit. 


RESULTS 

In no case did any of the bacterial species and procedures bring about an 
A. D. I. more than 0.5 higher than that cited for infected controls on the com- 
mercial diet. This of course does not imply that the synthetic diet did not alter 
the cecal flora and bring about a balance in flora optimal for FE. histolytica in- 
fectivity. The results did show that this procedure was unable significantly to 
influence the degree of infection in guinea pigs fed the commercial diet. 

Microscopic examination of sections of ceca from guinea pigs fed the Rockland 
C Fortified Guinea Pig Diet for twenty one days in all trials showed a mucosa 
fairly uniform in thickness and structure throughout the entire circumference. 
The cells were all normal, showing no evidence of vacuole formation, and the 
glands were normal, showing no evidence of dilatation. The entire surrounding 
wall and muscle were also normal in appearance (Fig. 1). 

Sections of ceca from guinea pigs maintained on the synthetic diet for seven 
days showed the mucosa to be intact and fairly normal in appearance, but it 
appeared to be thinner although lined by normal columnar epithelial cells. The 
glands in some cases were shallow and some of the cells of the glands were filled 
with vacuoles of what was apparently retained secretion, but the surrounding wall 
exhibited no unusual appearance (Fig. 2). 

After being maintained on the synthetic diet for fourteen days, sections of 
guinea pig ceca exhibited mucosa which was very thin. The glands showed evi- 
dence of dilated lumina and retention of secretion. In some specimens the cells 
of the glands were markedly distended with vacuoles of secretory retention. 
There was also evidence of active cell hyperplasia and in the surrounding tunica 
propria the cells showed evidence of a round-cell infiltration. In general however 
the surrounding muscular structure and submucosa appeared normal (Fig. 3). 

Cecal specimens from guinea pigs fed the synthetic diet for twenty-one days 
exhibited essentially the same type of cellular structure as that described above, 
i.e., parts of the mucosa appeared to be very thin with evidence of glandular 
dilatation and retained secretion. The remainder of the wall and the submucosal 
areas showed nothing abnormal (Fig. 4). 

Sections of rabbit bowel also showed the wall to be very thin. The mucosa ap- 
peared stretched out so that the lining of the mucosa was reduced to a single 
layer of cells covering the entire surface. Here again the rest of the wall appeared 
normal. 

An extensive study was conducted by Phillips ef al. (1955) on the intracecal 
inoculation of germfree, monocontaminated, and conventional guinea pigs with 
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E. histolytica. Histological sections of the ceca of conventional guinea pigs in- 
fected with EF. histolytica showed considerable necrosis and erosion of the super- 
ficial layer of the mucosa with hyperemia and in such areas the mucosa had 
often disappeared. Marked edema and hypertrophy were evident in the sub- 
mucosa. Their studies in monocontaminated animals harboring either EZ. coli or 
A. aerogenes showed that the destruction of the mucosa appeared to have pro- 
ceeded more rapidly and more extensively in animals harboring A. aerogenes. 
Inflammatory reactions with infiltration by leukocytes were evident in both of 
these series, and in deeper layers the pathological picture closely resembled that 
which was observed for the conventional guinea pig. When introduced into germ 
free animals, FE. histolytica failed to become established. Hence, it appeared to 
these investigators that 2. histolytica in its etiological role depended on the ac- 
tivities of other organisms. 

Without question the intestinal flora participates in the pathology of intestinal 
amebiasis, and the fact that FL. histolytica in germ free guinea pigs failed to pro- 
duce disease certainly supports this observation. However, in their studies, these 
workers used a sterilized diet, which is not normal, and they did not describe the 
histological appearance of germ-free guinea pig ceca per se or make a comparison 
with ceca of commercially fed animals. 

It is very difficult to assess the significance of our findings and their impor- 
tance, or to state that these findings could be related to the development of 
acute amebiasis in humans. However, the fact remains that the special diet did 
cause tissue changes in guinea pigs without the presence of E. histolytica. These 
changes are similar in some respects to those described by Phillips when using 
E. histolytica with monocontaminants. 

It is postulated that the tissue disturbances described in the present study 
may act to initiate the experimental infection in guinea pigs and pave the way 
for the symbiotic amebae-bacteria relationship to produce the characteristic acute 
fulminating condition. In view of these findings, other investigators studying the 
influence of diets on disease processes might carry on similar work to obtain more 
information on the mode of action of deficient diets in the enhancement of para- 
sitic infections. 


SUMMARY 


It was found in our laboratory that guinea pigs on a commercial diet did not 
develop an Entamoeba histolytica infection of a high order and the substitution 
of a synthetic diet was necessary to produce a severe, fulminating type of infec- 
tion. The present study was conducted in an effort to obtain some evidence as to 
why it has been necessary to use the synthetic diet, and to secure information as 
to how the diet per se influenced the development of the experimental infection. 
The synthetic diet was shown to cause histologic alterations in the cecal mucosa 
of guinea pigs which were not evident when these animals were maintained on the 
commercial ration. These alterations consisted of a thinning of the mucosa and 
a dilatation of the glandular area with vacuoles indicating secretory retention. It 
is postulated that the diet may have conditioned the wall of the guinea pig’s 
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cecum to permit invasion by the symbiotic amebas and bacteria. The significance 
of these findings is difficult to assess, but they suggest that diet, quite apart from 
any deficiencies, may cause tissue disturbances in specific organs for which a 
given parasite has an affinity, and thus predispose them to infection. 
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THE PREVALENCE OF TOXOPLASMOSIS IN THE DOMESTIC CAT 
FRANCES E. JONES, DON E. EYLES anp COLVIN L. GIBSON 


National Institutes of Health, National Microbiological Institute, Laboratory of 
Tropical Diseases located at the Medical School of the University of 
Tennessee, 874 Union Avenue, Memphis 3, Tennessee 


In the literature there are a number of instances in which persons with toxo- 
plasmosis have been associated with sick cats possibly afflicted with the same 
infection (Sabin, 1941; Beattie, 1955; Barnet et al., 1952; and Siim, 1951). 
More recently, Gibson and Eyles (1957) discovered a number of infected cats 
living in close proximity to a family several individuals of which were or had 
been infected with toxoplasmosis, and Borgen et al. (1956) found an infected cat 
in a household in which a case of congenital toxoplasmosis had occurred. 

To our knowledge, there have appeared in the literature only nine reports of 
spontaneous toxoplasmosis in domestic cats. Although few in number, widely 
separated geographic localities are represented. Four of the reports were from 
the United States (Olafson and Monlux, 1942; Holzworth, 1954; Lieberman, 
1954; and Gibson and Eyles, 1957). Individual reports have appeared from 
Canada (Hulland, 1956), Australia (Wickham and Carne, 1950), Holland 
(Verlinde and Makstenieks, 1950), Germany (Bolle, 1952), Norway (Borgen et 
al., 1956), and Japan (Yamamoto et al., 1955). In all of these cases (except those 
of Gibson and Eyles and of Borgen et al.) signs of illness were present and most 
of the cats showed evidence of central nervous system involvement. 

So far as we are aware, there have been no systematic studies of normal cat 
populations to determine parasitologically the prevalence of asymptomatic in- 
fection except that of Gibson and Eyles which is related to the present study. 
There have been several small studies using serological methods. These include 
the study of Otten et al. (1951) in Hamburg, Germany, who found no evidence 
of infection in cats by means of the dye test even though dogs from the same 
locations were frequently positive. In contrast, Miller and Feldman (1953) in 
Syracuse, New York, found more than half of 44 cats tested by the dye test to 
give positive results, but the highest titer noted was 1:64. Dogs from the same 
locality showed a somewhat higher prevalence of positive reactions, and titers 
as high as 1:1024 were observed. Similarly, Beattie (1955) citing work of his 
colleague, Beverley, reported that cats of uncertain origin received at the Uni- 
versity in Sheffield, England were positive in nine cases of 50, but only one of 
20 London cats was positive. As in the Miller and Feldman study, most of the 
positives were at low titers. 

The cited reports demonstrate that toxoplasmosis is to be found in cats, and 
in several instances there has been circumstantial evidence linking human and 
feline cases. This stimulated us to make a systematic study of the prevalence of 
toxoplasmosis in cats in two geographic areas of the United States employing 
both parasitological and serological methods. This paper reports our findings. 
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TOXOPLASMOSIS IN THE DOMESTIC CAT 


METHODS 


Cats were obtained by trapping in selected areas including a Memphis slum, 
and from the pounds in both Memphis, Tennessee and Columbia, South Caro- 
lina. The cats were transported to the laboratory where they were bled under 
sodium pentothal anesthesia to obtain blood for serological study, then were 
sacrificed to obtain tissues for mouse inoculation. A record was made of the 
origin of the cats, their sex, and their weight. If the animals appeared sick, this 
fact was noted. The study was made during the late winter and spring of 1956. 

Sera obtained from the blood specimens were inactivated at 56° C. for one- 
half hour, then tested by means of the Sabin-Feldman dye test for toxoplas- 
mosis. 

For mouse inoculation, about 10 grams of brain tissue was taken at several 
levels, but mostly from the cerebral cortex. The tissue was ground in the Waring 
Blendor after the addition of three parts of physiological saline containing 
10,000 units of penicillin and one mg. of streptomycin per ml. 

Several mice were inoculated intraperitoneally with one ml. each of the tis- 
sue suspensions. Each mouse was also given an intramuscular injection of five 
mg. of cortisone acetate at the time of inoculation. Cats from the Memphis 
slum area were examined through three serial passages in mice, while those from 
other Memphis sources and from Columbia were carried through only one 
mouse passage. 


Mice were sacrificed one, two and four weeks after inoculation. Peritoneal 
exudate was examined in fresh preparation, and smears were made of peri- 


toneal exudate, liver, and brain. Smears were fixed in methy] alcohol and stained 
with Giemsa stain. At least 100 fields were examined using the oil immersion 
objective of the microscope. 


OBSERVATIONS 


Results of parasitological studies. One hundred and forty cats were obtained 
from the Memphis area. A total of 34 infections were demonstrated parasitologi- 
“ally by the recovery of parasites in mice, this representing 24.3 per cent of the 
cats examined. 

The cats were obtained from several sources as indicated in Table 1. The 
highest prevalence was found in the sample from a Memphis slum area. This 
area was very similar environmentally but was several miles removed from the 
area in which Gibson and Eyles reported both human and feline cases of toxo- 
plasmosis. Ten (34.5 per cent) of 29 cats from this area were found to be infected. 

One hundred and two cats were obtained from the Memphis pound, and 22 
of them (21.6 per cent) were infected. These cats came from all parts of the 
city of Memphis and to some extent from the rural area adjacent to the city. 
The sample represented cats captured by the animal patrol and those brought 
to the pound for sacrifice by the owners. In addition, nine cats were obtained 
from miscellaneous sources in Memphis, and two of these were found infected. 

These data demonstrate that Toxoplasma infection is very common in Mem- 
phis, but statistical analysis showed that the differences in prevalence among 
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the subsamples could be due easily to chance. Also, it should be recalled that 
the Memphis slum area cats, in which the greatest prevalence was found, were 
examined through three serial passages, but no new infections were discovered 
after the first passage. 

Cats from Columbia, South Carolina were obtained by trapping and from 
the city pound and were shipped to Memphis for examination. The total of 35 
cats yielded four infections, representing 11.4 per cent (Table 1). Statistical 
analysis showed that the Columbia prevalence was significantly lower than the 
Memphis prevalence (p. = 0.05) but variations in the composition of the sam- 
ples might be as likely an explanation of the difference as geographic locality. 

Our results were subjected also to analysis on the basis of sex; the small 
predominance of infections in male cats was not statistically significant (Table 2). 

When analysis by weight (used as a substitute for age) was made (Table 3), 
it was found that infection was significantly less prevalent in small cats and 
kittens (4.5 pounds and under) than in mature cats of average size (over 4.5 but 
less than 7.0 pounds). In addition, infection seemed less prevalent in very heavy 
cats (7.0 pounds and over). The lower prevalence in kittens and young cats 
would be expected, as the risk of exposure to infection in this group would have 
been less. The reason for the lower rate of infection in the heavier cats is less 
obvious for not enough is known of the relationship of weight to age to judge if 
these represented very old cats. If the sample did represent very old cats, then 
it may be reasoned that older infections were represented and parasites had 


TABLE 1 
Prevalence of Toxoplasma infection in Memphis and Columbia based on parasitological 
and serological studies 


Parasites demonstrated | Positive dye test | 
| Number of 


ate . ; i — a ——— | Ratio A/B 
Number) - 2 — 


Source of cats 


Slum area in Memphis 2 10 | 34. § 24 82.8 + 7.0 2.4 
Memphis pound } 22 | 21. 2 | 61 | 59.844.9 | 2. 
Other Memphis sources ( 2 | 22.2 + 13.9 | 5 | 55.6214.4) 2 
All Memphis cats | 34 | 24.343.4 | 90 | 64.244.1 | 








Columbia cats (11.4454 | 10 | 2.6+7.6 | 





38 | 21.743.1 | 100 | 57.243.7 | 2. 


TABLE 2 


Prevalence of Toxoplasma infection by sex of cat 








Number of cats Number infected Per cent infected 





Males , | 24.74 4.4 
Females ¢ 19.2 + 3.9 


C.R. = 0.93, p = 0.35. 
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TABLE 3 


Prevalence of Toxoplasma infection in cats by weight 


Weight of cats in pounds 


Over 4.5 but less 


53 7¢ 
4.5 and under than 7.0 7.0 and over 


Number of cats 22 59 59 
Number infected 3° 21 10 
Per cent infected 13.6 + 7.3 35.6 + 6.3 17.0+ 4.9 


* These cats weighed 4.0, 4.25 and 4.5 pounds, thus being among the heaviest of this 
weight group. 


ceased to persist in numbers sufficiently large to be detected in some of the cats 
by the subinoculation procedures used. 

In general the cats studied were not ill; none showed encephalitic signs. One 
infected cat from Columbia, 8. C., was ill with general malaise and conjunctivi- 
tis, but it was impossible to determine if the illness was due to Toxoplasma 
infection. 

A number of the female cats were pregnant, and the fetuses of five were 
tested by mouse inoculation of brain tissue. No infections could be demonstrated 
even though two of the mothers were parasitologically positive and four had 
positive dye tests. 

In this study some mice died of toxoplasmosis during the first passage, but 
many appeared to recover from the infection and live indefinitely. Since a large 
proportion of the mice were sacrificed before the infection had run its course it 
was not possible to study the parasitological characteristics of the strains to the 
extent which would be desirable. Nevertheless, it is clear that most of the strains 
differed greatly from our highly virulent laboratory strains in which an inocula- 
tion of one or two organisms produces death in less than two weeks. 

In several instances surviving mice of groups shown to be infected at earlier 
sacrifices were killed six or more weeks after inoculation, and infection could be 
demonstrated both serologically and by subinoculation. In addition, brain 
smears sometimes revealed pseudocysts. 

Several of the strains isolated were carried through a number of passages in 
mice and studies of changes of virulence were made. These will be reported 
separately along with studies of strains isolated from other hosts. Suffice it to 
say that the usual course was a gradual increase in the state of virulence to a 
point approaching the virulence of our laboratory strains. 

Results of serological study. Dye test titers were determined on sera from all 
cats studied parasitologically. Over-all prevalence of positive dye tests in the 
Memphis sample was 64.2 per cent, and the distribution by titer is shown in 
Figure 1. Most of the positive sera were read at titers of 1:16 but a significantly 
large number were positive at 1:256. Only a single serum was found positive 
at 1:1024. It is possible that the slightly excessive number found positive when 
undiluted represents a nonspecific reaction. 
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NEG. UNDIL. 4 Vié6 64 "256 1,024 


DYE TEST TITER 
‘1a. 1. Distribution of Memphis cat sera by titer 


TABLE 4 
Parasitological prevalence as related to dye test titer (Memphis cats 


Number from which 


parasites recovered Per cent 


Dye test titer | Number of cats 


71024 1 1 100.0 
256 8 7 87.5 


716 31 7 23.3 


:4 8 
Jndil. 12 
Negative 50 


2 25.0 
1 8.3 
0 0.0* 


] 
1 
1:64 30 16 53.3 
1 
l 


| 


* From the Columbia sample, one negative cat was found to be parasitologically positive. 


Table 1 compares the serological and the parasitological findings. In each 
subsample a higher proportion was found positive serologically, as might be 
expected, but the correlation between serological and parasitological findings 
was good. Illustrative of this, in each subsample the ratio of serological positives 
to parasitologically demonstrated infections was uniform, varying only from 
2.4 to 2.8. 

Table 4 shows the relationship between titer level and the proportion found 
infected parasitologically; the higher the titer, the greater was the percentage 
of demonstrable infections. None of the 50 Memphis cats which were negative 
serologically and only one of the twelve whose undiluted serum was positive 
were found to be infected parasitologically. 


DISCUSSION 


The information we have obtained attests to the widespread distribution of 
Toxoplasma infection in cats. We have cited a number of instances in which 
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sick cats or cats with serological evidence of toxoplasmosis were associated with 
human cases, but no direct evidence of a relationship between human and feline 
infection exists. The principal value of our information is that it extends our 
knowledge of the distribution of Toxoplasma infection in an animal which is 
often intimately associated with man. 

Certainly, the information we have gathered indicates that the dog is not the 
only household animal which should be considered. It is true that the literature 
includes many more canine than feline cases, but it is likewise true that a great 
deal more emphasis is given by the veterinary profession to the ills of dogs as 
compared with those of cats. Our experience in Memphis has been that toxo- 
plasmosis is much more frequent in cats than supposed, as the prevalences dis- 
closed by the present study are much greater than those reported by Gibson 
and Jumper (in preparation) for dogs from this area. 

In general, the proportion of cats we found infected was higher than the pro- 
portion found infected by Gibson and Eyles from the environment of known 
human cases. Chance may be responsible for this finding, or the difference may 
be due to differences in technical methods in the two studies. 

Perhaps the data on the relationship of serological and parasitological findings 
is as important as that on prevalence. It is our opinion that the good correla- 
tion between prevalences in our subsamples measured serologically and para- 
sitologically is evidence of the specificity of the test. Likewise, the finding that 
as the titer increased the proportion of demonstrable infections increased is in 
good accord with the hypothesis that the dye test measures a specific immune 
reaction to Toxoplasma infection. It may be postulated that higher titers reflect 
recent infections with easily demonstrable parasites while lower titers represent 
older infections from which organisms are recovered with difficulty or not at all. 

The probability exists that we did not recover parasites from all animals 
harboring them. In the first place, we selected brain tissue for subinoculation, 
but there is a possibility that organisms also persisted in other tissues. Further- 
more, the amount of inoculum, though large, did not represent a great propor- 
tion of the brain tissue of the cats. Finally, there is a possibility that strains of 
very low virulence could have been present which were not disclosed by the 
techniques used. Regarding this last point, a material number of surviving, 
apparently uninfected mice were tested serologically six or eight weeks after 
inoculation without disclosing additional evidence of infection. 

Dye test titers in the cat samples exceeded 1:256 in only one instance. This 
suggests the possibility that infection in the cat does not give rise to titers as 
high as those observed in man or in the dog. Experimental studies will be neces- 
sary to verify this hypothesis. 


SUMMARY 


A total of 140 Memphis, Tennessee cats were studied parasitologically by 
means of the subinoculation of brain tissue into uninfected white mice, and 
Toxoplasma gondii was recovered from 34 (24.3 per cent). Similarly, four out of 
35 Columbia, South Carolina cats were shown to be infected. There was little 
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difference in prevalence by sex, but smaller cats were less frequently infected 
than large, mature cats. 

Serological studies by means of the dye test indicated even higher preva- 
lences, as 64.2 per cent of the Memphis sample and 28.6 per cent of the Columbia 
sample had positive titers. In each of the subsamples, the ratio of the number 
of dye test positives to the number of demonstrated infections was 2.4 to 2.8. 
Of the cats with dye test titers of 1:256 or over, almost all were shown to be 
infected parasitologically as compared with half of the cats with a titer of 1:64. 
Lower titers were associated with lower percentages of recovery of parasites, 
and only in a single instance were parasites recovered from a serologically nega- 
tive cat. 
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MURRAY VALLEY ENCEPHALITIS IN NEW GUINEA 


I. IsoLaTIoN oF Murray VALLEY ENCEPHALITIS VIRUS FROM THE 
BRAIN OF A FatTaL CASE OF ENCEPHALITIS OCCURRING IN A 
Papuan Native! 


E. L. FRENCH, 8. G. ANDERSON, A. V. G. PRICE anp F. A. RHODES 


Walter and Eliza Hall Institute of Medical Research, Department of Experimental Medicine, 
University of Melbourne, and the Public Health Department Laboratory, Port Moresby, 
Papua and New Guinea 


Murray Valley encephalitis (MVE) occurred as an epidemic in the Murray 
and Darling valleys of eastern Australia during the late summer of 1950-51 
(Anderson, 1952). No further cases of the disease were detected in this area 
until early in 1956 (Anderson, 1957, in preparation). There was reasonably good 
serological evidence that the virus was absent from the Murray Valley at least 
during 1952, 1953 and 1954 (Anderson and Eagle, 1953; Anderson et al., 1954). 
This evidence was supported for the year 1952 by the failure to isolate MVE 
virus from 17,833 mosquitoes of four genera and ten species collected in the 
Mildura area of the Murray Valley in the summer of 1951-2 (Reeves et al., 1954). 

Anderson and Eagle (1953) and Miles and Howes (1953) suggested that MVE 
virus is normally enzootic in northern Australia. Studies carried out on sera 
collected from aborigines living in the Northern Territory of Australia have 
indicated that in some areas up to 90 per cent of the indigenous population had 
neutralizing and complement fixing antibodies to MVE virus (Beech ef al., 1953; 
Miles and Dane, 1956). No material from fatal cases of encephalitis was avail- 
able to these investigators for attempts at isolation of a virus, and the examina- 
tion of a small sample of mosquitoes—about 500 specimens—failed to yield 
any virus. 

Sera from 58 natives in the Bulolo area of New Guinea were taken during 
April 1951. Fourteen carried complement fixing and neutralizing antibody for 
MVE virus (Anderson e¢ al., 1952). While this was thought to indicate that the 
virus was probably endemic in New Guinea, the possibility that the positive 
serology was the result of infection with a related virus had to be considered. 

The isolation of MVE virus from a fatal case of encephalitis in a Papuan 
native is therefore of considerable interest. It is the purpose of this paper to 
describe the isolation of this virus and present evidence of its identity as a strain 
of MVE virus. 


MATERIALS AND METHODS 


Complement fixation tests. The technique of Donnelley and French (1953) was 
used except that suckling mouse brain provided the source of antigen 
1 This work was aided by a grant from the National Health and Medical Research Coun- 
cil, Canberra, Australia. 
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in place of infected chorioallantoic membrane. Four to six-day-old mice were 
inoculated intraperitoneally with 1,000 LDs5o of the virus and the brains of these 
mice were harvested on the sixth day when the mice were sick. The brains were 
emulsified in one ml. of calcium magnesium saline per brain by grinding with 
sterile alundum in a mortar, and partially clarified by centrifuging at room 
temperature in a laboratory angle centrifuge at 3,000 r.p.m. for 30 minutes 
(French, 1954). The complement fixing antiserum was prepared by inoculating 
1,000 LDso of virus intracerebrally into guinea pigs and collecting serum from 
these animals three weeks later (French, 1952). 

Hemagglutinin inhibition tests. Hemagglutinin preparations were made from 
infected suckling mouse brain as described by Macdonald (1952). Antiserum 
prepared in guinea pigs against MVE and Japanese B encephalitis viruses were 
used in antihemagglutinin tests. The sera, both pre- and post-inoculation samples, 
were shaken with two volumes of ether for 2 hours at room temperature (18- 
22°C.) and afterwards heated at 56°C. for 30 minutes and finally absorbed at 
4°C. for one hour with 10 per cent by volume of washed pigeon erythrocytes. 

The hemagglutinin inhibition tests were carried out as follows: doubling 
dilutions of the ether-treated absorbed serum were prepared in isotonic sodium 
chloride solution buffered with 0.02M phosphate at pH 7.7. The dilutions were 
made in 0.25 ml. volumes in plastic trays. To these dilutions was added 0.25 
ml. of buffered saline containing eight to ten units of hemagglutinin followed 
immediately by one drop of a 3 per cent suspension of washed pigeon erythrocytes 
to give a final concentration of about 0.25 per cent cells. The tray was shaken 
and the cells allowed to settle at room temperature for 30 minutes and the 
results were then read. The titer of the serum was expressed as the reciprocal 
of the dilution of serum which allowed partial agglutination of the pigeon 
erythrocytes. 

Neutralization tests. The neutralization tests were carried out in suckling mice 
using the technique described by French (1952). 


CLINICAL HISTORY 


The patient S. K. was a native boy about 14 years of age who was admitted 
to the Ela Beach Hospital at Port Moresby on May 7, 1956, in a comatose state. 
He had become giddy on May 2 and complained of headache and vomited on 
May 3. The headache continued and he felt sick until he became comatose on 
May 5 or 6. Examination on admission to hospital showed Kernig’s sign not 
fully developed; the pupils were small and did not react to light. Nothing else 
of significance could be detected. A blood smear showed no malaria parasites 
and his white cell count was 10,000/c. mm. with a slight neutrophilia. His urine 
contained albumin, a few erythrocytes and casts. The blood urea level was 45 
mgm. per cent. A lumbar puncture on the day of admission showed five lympho- 
cytes/c.mm., protein 25 mgm. per cent and normal sugar content. A blood 
culture showed no growth. 

He died about 9 p.m. on May 9 and an autopsy was performed (A.V.G.P.) 
about 14 hours later. The surface of the brain was suffused but the cut surfaces 
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of the grey and white matter appeared normal. There was basal congestion and 
bronchopneumonia. The spleen was firm and a little enlarged as is usual in 
Papuans exposed to chronic malaria, otherwise there were no significant findings. 


ISOLATION OF THE VIRUS 


Pieces of brain were received in Melbourne on May 16, 1956, six days after 
the autopsy had been performed in Port Moresby. The tissue was preserved in 
50 per cent glycerol saline. In the laboratory it was washed in saline several 
times to remove as much of the glycerol as possible and the tissue was ground in 
a sterile mortar with alundum and a 10 per cent emulsion made in sterile broth. 
The mixture was centrifuged for five minutes at 2,500 r.p.m. and the supernate 
mixed with a concentrated solution of penicillin and streptomycin to give a 
final concentration of 500 units of each per ml. The mixture was then inoculated 
into mice and developing chick embryos. 

Results of inoculation onto the chorioallantois of chick embryos. Six eleven-day 
chick embryos were each inoculated on the chorioallantoic membrane with 0.1 
ml. of the brain emulsion. After three days incubation at 35°C. the membranes 
were harvested and on each of them there were between five and 20 pocks. The 
membranes were ground in a sterile mortar with alundum and emulsified in 
five ml. of nutrient broth. A portion of this emulsion, after clarification by 
centrifugation and addition of penicillin and streptomycin, was inoculated onto 
the chorioallantoic membrane (CAM) of eleven-day old chick embryos. After 
two days incubation about 200 pocks were found on each membrane. If the 
incubation period was prolonged to three days, death of the embryo occurred 
with hemorrhagic lesions similar to those described for infection with MVE 
virus (French, 1952). The inoculation of adult mice intracerebrally, or seven- 
day old suckling mice intraperitoneally, with this CAM virus caused typical 
signs of encephalitis and death of the animals in four to eight days. 

Results of mouse inoculation with brain emulsion. Six mice four weeks old were 
inoculated intracerebrally with 0.03 ml. and six suckling mice five days old were 
each inoculated intraperitoneally with 0.2 ml. of the brain emulsion. The suck- 
ling mice failed to show any sign of infection over a period of three weeks and 
were then discarded. Four of the six older mice became sick with encephalitis 
between the fifth and seventh day after inoculation. Serial intracerebral passage 
of the virus was readily made from the brains of these mice. 


ATTEMPTS TO INFECT OTHER ANIMALS WITH THE VIRUS 


Rabbits. A 10 per cent suspension of the second chorioallantoic-membrane 
passage of the virus was inoculated into one rabbit subcutaneously and onto the 
scarified cornea of another rabbit. Neither animal developed any sign of infection 
over a period of one month. 

Guinea pigs. Four guinea pigs were inoculated with the material used to 
inoculate the rabbits. Two were inoculated intracerebrally and two into the 
foot pad. No illness developed in any of these animals during one month. 

Monkeys. A female Macaca mulatta was inoculated intracerebrally with second 
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egg passage material containing 1,000 mouse LDso of the virus. Six days later 
the animal was somewhat excited. The next day she was unsteady on her legs 
and continually sought the support of the bars of the cage. She frequently 
yawned and ground her teeth. On the eighth day following inoculation the 
animal was grossly incoordinated and any movement was accompanied by 
coarse tremors of arms and legs. On the next day the monkey was moribund 
and was killed with chloroform and the brain and cord removed. Post mortem 
macroscopic examination of the other organs revealed nothing abnormal. 

Portions of tissue taken from the cerebral cortex, cerebellum, medulla and 
cord were emulsified and inoculated onto the chorioallantoic membrane of de- 
veloping chick embryos. Virus was isolated from each of these pieces of brain. 
No virus was detected in a specimen of heparinized heart blood obtained post 
mortem from the monkey. 

The brain and spinal cord were fixed in formal saline and sections were made 
from paraffin embedded blocks taken from the frontal and temporal lobes, the 
medulla, cerebellum and spinal cord. These sections were stained with hema- 
toxylin and eosin. Histologically there was evidence of wide spread virus ac- 
tivity throughout the central nervous system of the monkey. Of the areas 
examined, the medulla and spinal cord showed the most extensive damage. The 
main features seen were perivascular cuffing of vessels, a round cell infiltration 
of the meninges, focal collections of glial elements and mononuclear cells ap- 
parently unassociated with a blood vessel, and varying degrees of degenerative 
change in the neurones. In the cerebellum some reduction in the number of 
Purkinje cells was noted. This feature was not as marked as that described by 
Perdrau (1936) in Australian X-disease infection of the monkey. However, those 
Purkinje cells remaining in our sections were, for the most part, poorly stained, 
showed loss of nuclear detail and often assumed bizarre shapes. Where these 
cells had disappeared, there was occasionally some cellular reaction extending 
into the adjacent molecular layer. Meningitis was a marked feature in the cere- 
bellum. 

SEROLOGICAL TESTS WITH THE VIRUS 


Complement fixation tests. Block complement fixation tests with anti-MVE 
serum and MVE-1-51 and New Guinea viruses were set up using four dilutions 


TABLE 1 


Results of haemagglutinin inhibition tests with paired guinea pig sera and New Guinea and 
MVE viruses 


Anti-hemagglutinin titre against 





New Guinea virus MVE virus 


<25 
MVE II 250 800 
Jap B. I. <25 <25 
Jap B. II. 200 800 


MVE I. = pre-inoculation sample of guinea pig serum: 
MVE II. = post-inoculation sample of guinea pig antiserum. 
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of mouse brain antigen for each virus. Both antigens were active and gave 
similar patterns with the MVE serum in these tests. 

Hemagglutinin inhibition tests. Pre- and post-inoculation serum samples from 
guinea pigs inoculated with MVE and Japanese B encephalitis viruses were 
used in hemagglutinin inhibition tests with hemagglutinin prepared from MVE 
and New Guinea viruses. The results are set out in Table 1. The results of the 
anti-hemagglutinin tests indicate that the New Guinea virus reacts with both 
MVE and Japanese B antisera although to a somewhat lower titer than does 
MVE virus. 

Neutralization tests. Antiserum was prepared against the New Guinea virus 
by inoculating about 1,000 mouse LDs. subcutaneously into a monkey. One 
week later a similar dose of virus was administered into each nostril of this 
monkey while under moderately deep ether anesthesia. Three weeks after the 
injection the animal was bled by cardiac puncture and the serum was used in 
neutralization tests. A pre-inoculation sample of serum was also available, as 
well as samples of serum from monkeys immunized against MVE-1-51 and the 
Nakayama strain of Japanese B encephalitis virus. 

All sera was stored frozen at —20°C. until required, when they were rapidly 
thawed and heated at 56°C. for 30 minutes. The virus was diluted in normal 
saline containing 5 per cent rabbit serum heated at 56°C. for 30 minutes and 
500 units each of streptomycin and penicillin per ml. Suitable dilutions of the 
virus were made and mixed with an equal volume of undiluted serum and after 
one to two hours at 4°C., 0.05 ml. of the mixture was inoculated intraperitoneally 
with a graduated 0.25 ml. syringe fitted with a 25 gauge needle, into each of six 
suckling mice four to seven days old. 

The inoculated mice were inspected daily for 21 days and illness and death 
of mice recorded. In this way the titer of virus was determined with pre- and 
post-inoculation samples of serum using the method of Reed and Muench (1938) 
to calculate the LDs» point. The difference between these figures gave the amount 
of virus neutralized by the serum under the conditions of the test. 

The results of the neutralization tests set out in Table 2 indicate a close sero- 
logical relationship between MVE-1-51 and the New Guinea virus and it is 
proposed to designate the latter MVE-1-56. 


MOVEMENTS OF PATIENT IN RELATION TO LOCALITY OF INFECTION 


Enquiries by the Department of Native Affairs of the Territory of Papua 
and New Guinea elicited the information that the patient, S. K., was a native 
from the south eastern section of the Goilala subdistrict. His home was about 
12 miles north of Enende and about 50 miles north of Port Moresby (Fig. 1). 
The patient left his home approximately April 20 to walk to Port Moresby. He 
journeyed over the hills and down the upper and lower Vanapa valleys to Doura, 
arriving there May 1. He stayed there till May 4 and on that day arrived at 
Port Moresby having travelled the last 10 miles in a motor truck. The onset 
of the disease was on May 2. 

The incubation period of MVE has been reported as 8 to 19 days (Anderson, 
1952). An incubation period of eight days would place the site of infection in 
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TABLE 2 


Results of intraperitoneal neutralization tests in mice with paired monkey sera and New 
Guinea, MVE and Japanese B encephalitis viruses 


Amount of virus neutralized by serum expressed as logie 





Anti-MVE-1-51 


Anti-Jap B Anti-New Guinea 





MVE-1-51 . 2. 7.6 
Japanese B ‘ P 4.0 


New Guinea & 2. [7.5] 





Fia. 1. Sketch map of route believed to have been taken by the patient 


the present case near Iritumunu, 20 miles north east of Doura in the valley of 
the Vanapa. A longer incubation period would indicate the patient was infected 
near Enende in the foot hills of the ranges to the north of Port Moresby. 
Seven sera from domestic fowls living all their life at Motu Motu have been 
examined for neutralizing antibody. Six of them contained antibody to a 1951 
strain of MVE virus (MVE-1-51). Similarly there was a heavy concentration of 
antibody in domestic fowls at Doura (four of nine) and some evidence of infection 
of fowls a few miles north of Doura. No avian antibody was found in Iritumunu 
nor to the north of that village in 46 fowls. Of 19 human sera taken from adults 
north of Iritumunu only one, a male of 28 years from Kosipi, carried neutralizing 
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antibody. This man was subsequently found to have been to the adjacent 
coastal areas the previous year. Of the human sera from Iritumunu none of seven 
carried neutralizing antibody. The corresponding figures at Bamuda were none 
of three human sera and at Hamaseba one of 13 human sera was positive. It 
seems likely that the patient S. K. was infected as soon as he entered an area 
of virus prevalence which is believed to have extended from Motu Motu to 
just north of Doura. 


DISCUSSION 

The host range, pathogenicity in chick embryos and laboratory animals, and 
the serological reactions of the New Guinea virus identify it as a strain of MVE 
virus. This is the fourth strain of this virus isolated in this Institute (French, 
1952) and the fifth in Australia (Miles et al., 1951). As noted on previous occa- 
sions (French, 1952; Garven ef al., 1952) the virus was more readily isolated 
from human brain by the inoculation of the chorioallantoic membrane of eleven- 
day old chick embryos than by the intracerebral inoculation of mice. 

The isolation of MVE virus from a fatal case of encephalitis in New Guinea 
provides the first definite evidence of the presence of this virus outside eastern 
Australia. Complement fixing antibody against MVE virus had been found in 
human, animal and avian sera from northern Australia and from New Guinea, 
but the possibility that these antibodies were the result of infection with another 
related virus has to be considered. The finding of MVE in New Guinea may be 
an isolated incident reflecting introduction of the virus to this area from else- 
where. It may be significant in this connection that this season (1956) is the 
first since 1951 in which evidence of MVE virus activity has been found in the 
Murray Valley area (Anderson, 1957, in preparation). The factors responsible 
for the re-introduction of virus into the Murray Valley may be similar to those 
governing the appearance of virus in New Guinea. On the other hand the virus 
may be endemic on the southern coast of New Guinea. If this is so then we might 
expect to find evidence of the virus in the mosquitoes, birds, and human beings 
of this area year by year. 

The serological reactions of the New Guinea virus in relation to Japanese B 
encephalitis virus are in line with observations made with the 1951 strains of 
MVE virus and further support the view, previously expressed, that MVE 
virus has a status of its own and is similar to, but distinct from, Japanese B 
encephalitis virus (French, 1952; Pond e¢ al., 1955). 


SUMMARY 


A Papuan native boy aged about 14 years died of acute encephalitis at Port 
Moresby in May 1956. A virus, isolated from the brain, has been identified as a 
strain of Murray Valley encephalitis virus and designated MVE-1-56. 
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SURVEY OF PRIMATES CAPTURED IN PANAMA, R. P. DURING THE 
YEARS 1952-1956 FOR PROTECTIVE ANTIBODIES AGAINST 
YELLOW FEVER 


ENID pe RODANICHE 
Gorgas Memorial Laboratory, Panamd, R. de P. 


Surveys of the rural population of Panama for protective antibodies against 
yellow fever, conducted with serums collected in 1937 by Johnson (1938) and in 
1941-1942 by Kumm and Crawford (1943) indicated that jungle yellow fever 
was endemic in San Blas on the Atlantic side of the Continental Divide and in 
Darien and the lower half of the Province of Panama (adjacent to Darien) on the 
Pacific side. In recent years, however, extensive vaccination has limited the 
epidemiological value of such studies of the human population, and forest animals, 
especially monkeys, have been substituted. In the wake of the 1948 outbreak of 
jungle yellow fever in Panama, Clark (1950) undertook a general survey of shot 
forest animals finding a high proportion of all bloods positive for neutralizing 
antibodies. The author simultaneously began a study of captured forest animals, 
housed, bled and tested at the Gorgas Memorial Laboratory. The use of animals 
‘aptured alive has the advantage that it eliminates the frequent troublesome 
nonspecific and unsatisfactory reactions obtained with serum from shot animals. 
This survey begun in 1949 (Rodaniche, 1952) has been continued on a limited 
scale up to the present time. In the present publication results of mouse pro- 
tection tests with serums of primates captured during the five year period, 1951- 
1956, are presented. 


MATERIALS AND METHODS 


The monkeys were usually acquired by purchase, occasionally as gifts. The 
majority were received from neighboring districts within easy transportation 
distance of the laboratory and relatively few from the distant provinces. Most 
of the animals were captured in the Bayano River valley and the environs of 
Chepo, Pacora and Cerro Azul directly west of the Bayano where human yellow 
fever cases were identified in 1948 and again in 1956. Since the 1948 outbreak 
immunized a large proportion of the simian population of the affected areas, 
an attempt was made to obtain animals born since that time. Of the larger 
longer-lived species, nonsuckling juveniles more than 6 months of age were 
preferred. Of the smaller shorter lived species both adults and juveniles were 
considered useful. All but one of Panamé’s six native primate species were 
represented in this survey, including squirrel marmosets (Marikina geoffroyt), 
red and black spider monkeys (Ateles geoffroyi panamensis and robustus), night 
monkeys (Aotus zonalis), whiteface monkeys (Cebus capucinus) and howling 
monkeys (Alouatta palliata). 

The animals were bled from the femoral vein, occasionally from the heart, 
with aseptic technique. Effort was made to maintain them alive for further study 
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but many died spontaneously within a few days or weeks of acquisition. Serums 
were stored at approximately — 20°C. until a sufficient number had accumulated 
for study. The intracerebral mouse protection test devised by Theiler (1933), 
with certain modifications described by Bugher (1948), was employed in all tests. 
For initial testing French neuroadapted virus desiccated in vacuo was so diluted 
as to provide an inoculum of between 50 and 100 LD/50 per mouse, six mice 
being used for each serum test group. The few serums which gave unsatisfactory 
results on initial investigation were passed through a Seitz filter and retested. 
In most instances this procedure eliminated the factor responsible and a satis- 
factory result was obtained. A survival ratio of 4/4, 4/5, 5/5, 5/6, or 6/6 was 
considered a positive test. 

Serums giving a positive result with 50-100 LD/50 of virus were stored and 
later titrated against higher serial concentrations of virus, the same technique 
being employed as for the preliminary test. Depending on the quantity of serum 
available, one or more of the following virus concentrations were employed, ap- 
proximately 200, 500, 1,000, 10,000 and 100,000 LD/50. In some instances, 
especially among the marmosets, insufficient serum was available to reach an 
endpoint. This titration of antibodies was carried out in order to avoid misinter- 
pretation of results due to nonspecific factors or to cross-reactions produced by 
previous infection with antigenically related viruses. A high titer of antibody 
against yellow fever was considered the strongest evidence of the specificity of 
the reaction. As a further check serums were also tested for mouse-protecting 
antibodies against a Central American strain of Ilhéus virus isolated by the 
author (Rodaniche, 1956). 


RESULTS AND INTERPRETATION 


A total of 395 primates was examined during the five year period of this sur- 
vey, including 197 squirrel marmosets, 100 spider monkeys, 47 night monkeys, 
24 whiteface monkeys and 27 howling monkeys. The two former species were 
the only ones yielding positive bloods. Failure to find immune animals among 
the night, whiteface and howling monkeys may depend on a number of factors, 
including total numbers received, geographic distribution, habits and innate 
resistance. In Table 1 results are classified according to species of primate and 
year of capture and in Table 2 according to general geographic distribution. 

The recent demonstration of cross-reactions between the immunologically 
related arthropod-borne viruses of Group B has forced us to reexamine criteria 
for the interpretation of positive serological reactions in yellow fever. Casals 
and Brown (1954) find the greatest serological crossing in the hemagglutination 
inhibition reaction, less in the complement-fixation, and least in the neutraliza- 
tion test. However, such overlap may occur in variable degree in the neutraliza- 
tion test, especially where low virus titers are used, and must be taken into 
consideration. Interpretation is rendered still more difficult by recent studies 
showing distribution of certain members of Group B, especially dengue, St. Louis 
and Ilhéus viruses in areas of Central and South America where yellow fever is 
known to exist. In Panamé no evidence has been presented in recent years for 
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TABLE 1 


Results of the intracerebral protection test using 50-100 LD/50 of yellow fever virus, 
according to species of monkeys and year of capture 





Year of capture and result 
Species of 
monkey 





1952 1953 1954 1955 1956 Total 
T @, 1, U) T @, I, U) T@,1U) | T@,1,0) T @?, I, U) T @, I, U) 


Marmoset | 5 (0,1, 0) |33 (3, 0, 0) |24 (2,0, 0) |70 (3, 2, 0) | 65 (4,0,0) {197 (12, 3, 0) 
Spider mon- 

key 3 (0,0,0) | 4 ©, 0,0) [37 1, 0,1) | 7 ©, 0,0) | 49 (8, 1,0) (100 9, 1,1) 
Night mon- 

key (0, 0, 0) |10 (0, 0, 0) | 8 (©, 0, 0) | 7 (0,0, 0) | 20 (0, 0,0) | 47 (0,0, 0) 
Whiteface 

monkey | 2 (0,0, 0) | 5 (0, 0,0) | 7 (0,0, 1) |10 (0, 0, 0) 0 24 (0, 0, 1) 
Howling 

monkey 7 (0, 1,0) | 7 (0, 1,0) | 2 0,1, 0) | 3 (0,0, 0) 8 (0, 0, 0) 27 (0, 3, 0) 


Total 19 (0, 2,0) |59 (3, 1, 0) |78 (8, 1, 2) |97 (8, 2, 0) {142 (12, 1, 0) |395 (21, 7, 2) 


First figure represents total; figures in parentheses positive, inconclusive and unsatis- 
factory results respectively. 


TABLE 2 


Places of origin of primates tested 


Species of monkey 
Province 





Spider Marmoset Night | Whiteface | Howling 





Darien 7 (1) 12 (1) s 3 1 
Panama east of Canal | 
Area #1.. 8 151 (9) 39 280 (17) 
Area #2 6 1 | 12 
Panama west of Canal 23 (1) 7 26 (1) 
Colon west of Canal (1) 3 (1) 
Los Santos ‘ 3 
Chiriqui f : 22 
Bocas del Toro 1 
Unknown . : 12 


100 (9) | 197 (12) | 27 395 (21) 

Area 1—Including Bayano River Valley and section extending westward to Canal Zone 
embracing environs of Pacora, Chepo and Cerro Azul. 

Area 2—Including area bordering Transisthmian Highway, Chagres River and Madden 
Lake. 

Numbers in parentheses indicate monkeys giving a positive test. 





the activity of any Group B virus except yellow fever. However, further study 
undoubtedly will demonstrate the presence of other members of the group. 
The protection tests conducted in mice against Ilhéus virus with monkey 
bloods positive for yellow fever virus gave essentially negative results, i.e., no 
neutralization of less than 10 LD/50. On the contrary, neutralization indices 
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against yellow fever were usually significantly high. Serums of 16 of the 21 ani- 
mals possessing neutralizing antibodies in their sera gave positive reactions 
against more than 500 LD/50 of virus and at least 11 against more than 1,000. 
Twelve of 151 adult squirrel marmosets gave positive findings. However, as 
little is known concerning the longevity of the marmoset in nature, it can not 
be stated conclusively that the immune adults of this species acquired their in- 
fection since the 1948 outbreak, although this seems probable. The highly posi- 
tive tests obtained with blood of a juvenile marmoset and a juvenile black spider 
monkey, both captured in the Bayano area in 1954, and a juvenile marmoset 
captured near Pacora in 1955 give strong indication of continued minimal 
activity of virus in this area. 

In 1956 there was a sharp increase in the percentage of positive animals re- 
ceived from the Bayano River Valley and the contiguous area. Seven of 44 juvenile 
spider monkeys (16%) gave positive protection tests, with 5 showing power to 
protect against at least 1,000 LD/50 of virus. In the fall of the same year, one 
fatal human case of yellow fever and two serologically positive recovered cases 
were identified from the Cerro Azul-Tocumen area. Yellow fever virus also was 
repeatedly recovered from mosquitoes captured in the same general zone. Kumm 
and Crawford (1943) previously showed that the endemic area for yellow fever 
in the Province of Panama extended as far west as El Llano on the Bayano River. 
Recent years apparently have brought a further westward extension of this zone 
to embrace the Chepo-Pacora sector within a few miles of the outer limits of the 
District of Panama. 

One of three monkeys acquired from the Province of Colon, west of the Canal 
Zone, gave a positive test. This was a juvenile marmoset captured near Chagres 
on the Atlantic coast in July 1956, whose serum neutralized more than 500 
LD/50 of virus. It is known that yellow fever was active in this area in 1950 
(Elton, 1952). The presence of antibodies in the blood of this juvenile animal 6 
years later strongly suggests persistent activity of jungle yellow fever there and 
indicates the need for more intensive epidemiological studies. The previous sur- 
veys conducted by Johnson in 1938 and Kumm and Crawford in 1943 gave no 
evidence of endemicity in any area west of the Canal Zone. 

One adult marmoset captured near Arraijan in 1955 gave a weakly positive 
test. This was the only one of 51 animals acquired from the Pacific side of 
Panama, west of the Canal, to give a positive reaction. 

CONCLUSIONS 

Results of the intracerebral mouse protection test against yellow fever with 
blood of 395 monkeys captured during the five year period 1951-1956 are re- 
ported. Repeated finding of strongly positive reactions in juvenile monkeys 
‘aptured in the Bayano-Chepo-Pacora sector of the Province of Panama suggests 
that this is an important enzoétic center. Epizoétic activity was observed in 
1956 when 16 per cent of 44 juvenile monkeys from this general area gave pos- 
itive results. 
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The finding of one positive among 3 juvenile monkeys captured in the Province 
of Colon, west of the Canal, suggests continued virus activity in this area, since 
the 1948-1951 outbreaks. 


ACKNOWLEDGEMENT 


This investigation was aided by a grant from the Research and Development 
Division, Office of the Surgeon General, Department of the Army, under contract 
No. DA-49-007-M D-655. 


REFERENCES 

Buauer, J. C., 1940. The demonstration of yellow fever antibodies in animal sera by the 
intracerebral protection test in mice, Am. J. Trop. Med. 20: 809-841. 

Casas, J., AND Brown, L. V., 1954. Hemagglutination with arthropod-borne viruses, 
J. Exper. Med. 99: 429-449. 

CuarK, H. C., 1952. Endemic yellow fever in Panamaé and neighboring areas, Am. J. Trop. 
Med. & Hyg. 1: 78-86. 

Exton, N. W., 1952. Yellow fever in Panama: historical and contemporary, Am. J. Trop. 
Med. & Hyg. 1: 436-456. 

Jounson, C. M., 1938. Annual Report of the Gorgas Memorial Laboratory 19387. U.S. Govt. 
Printing Off., Washington, D. C., p. 8. 

Kumm, H. W., anp Crawrorp, P. J., 1943. The recent distribution of endemic yellow fever 
in Central America and neighboring countries, Am. J. Trop. Med. 23: 421-431. 
RopANICcHE, E. pg, 1952. Survey of live forest animals for protective antibodies against 

yellow fever in Panamé, R.P., Am. J. Trop. Med. & Hyg. 1: 789-795. 
RopanicuE, E. pe, 1956. Isolation of the virus of Ilhéus encephalitis from mosquitoes of 
the genus Psorophora captured in Honduras, Am. J. Trop. Med. & Hyg. 5: 797-801. 
RopANIcHE, E. pg, GALINDO, P., AND JoHNSON, C. M., Isolation of yellow fever virus from 


Haemagogus lucifer, H. equinus, H. spegazzinii falco, Sabethes chloropterus and Anopheles 
neivat captured in Panama in the fall of 1956, Am. J. Trop. Med. & Hyg. 6. 

TuHEILER, M., 1933. A yellow fever protection test in mice by intracerebral injection, Ann. 
Trop. Med. & Parasitol. 27: 57-77. 





THE ISOLATION OF ENCEPHALOMYOCARDITIS VIRUS 
FROM AOTUS MONKEYS! 


MANUEL ROCA-GARCIA?’, anp CARLOS SANMARTIN-BARBERF 


The Carlos Finlay Institute, Bogota, Colombia, in collaboration with the Pan-American 
Sanitary Bureau and the Research Division, American Cyanamid Company, Pearl 
River, New York 


Four night monkeys, Aofus trivirgatus, (Bates and Roca-Garcia, 1945a), were 
received at the Carlos Finlay Institute, Bogota, Colombia, on July 23, 1950. 
These animals had been trapped in the vicinity of the town of Villavicencio 
(Bugher et al., 1944). The following day, one of the monkeys (A.4214) was 
moribund. It was sacrificed and an autopsy was performed. The lungs were found 
to be congested, and although the other organs did not show any macroscopic 
abnormality, histopathological studies revealed myocarditis. Another Aotus 
monkey (A.4359), one of a lot of five which arrived at the Institute from Villavi- 
cencio on February 15, 1951, died two days later. No macroscopic lesions were 
found at autopsy, but histopathological examination revealed an encephalitis 
and myocarditis. 

This paper reports the isolation of virus from each of these two animals and 
subsequently from five mice in the breeding colony and from a squirrel monkey, 
Saimiri sciureus, (Bates, 1944), at the Institute. Evidence is presented identify- 


ing the agent as belonging to the encephalomyocarditis group of viruses (Dick, 
1949; Warren et al., 1949b). 


MATERIALS AND METHODS 


Animals. The following animals were used: Swiss albino mice of different 
weights and ages, as will be stated; guinea pigs weighing about 400 grams; 100- 
gram white rats; hamsters two months old; rabbits three to four pounds in 
weight; rhesus monkeys (already used in yellow fever research and immune to 
that virus) weighing 10 to 12 pounds; and Aofus monkeys four to six pounds in 
weight. 

Inocula. The dosage and route by which the different tissue suspensions and 
sera were administered are noted in each experiment. In one case, mice were 
infected by contact exposure. 

Titration of virus. The virus was titrated in mice, and the LD5o’s were calculated 
by the method of Reed and Muench (1938). 


1 The studies herein reported were begun at the Carlos Finlay Institute, Bogota, Co- 
lombia, which is jointly supported by the Ministry of Public Health of Colombia and 
the Pan American Sanitary Bureau, and were terminated at the Research Division of 
the American Cyanamid Company at Pearl River, New York. 

? Present address: Viral and Rickettsial Section, Research Division, American Cyanamid 
Company, Pearl River, N. Y. 

3 Present address: Universidad del Valle—Facultad de Medicina, Cali, Colombia. 
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Neutralization tests. These were performed in mice. Normal and immune sera 
as well as a virus control were included in each test. Equal amounts of undiluted 
or diluted serum were mixed with ten-fold dilutions of virus. The mixtures were 
incubated for one hour at 37°C. before use. The Mengo (Dick et al., 1948b) virus 
and hyperimmune anti-Mengo serum employed were made available by Dr. 
Hiliary Koprowski, who had received the strain from Dr. Kenneth Smithburn, 
Division of Medicine and Health, The Rockefeller Foundation. A 20 per cent 
brain suspension was prepared from the 40th intracerebral mouse passage of the 
virus. The material was stored at —30°C. 


EXPERIMENTAL 


Virus isolations. The first strain will be designated A.4214, the laboratory 
number of the Aofus monkey from which it was derived. A 10 per cent suspension 
of lung tissue from this animal was made in saline solution and, after light cen- 
trifugation, was inoculated intranasally into six adult mice. Three days later, 
two of the mice showed roughening of the fur and hypersensitivity. They were 
killed, and a 10 per cent suspension of their lungs was injected intranasally into 
a new group of mice. The next day, two more mice of the first group were defi- 
nitely sick, and 10 per cent suspensions of brain, lung, and liver pooled with 
spleen were inoculated intracerebrally or intranasally into additional mice. 
Virus was recovered from these animals. 

Another strain of virus, A.4359, was isolated from the second Aotus monkey. 
The virus was established in mice by the inoculation of brain, lung, and pooled 
liver, spleen and kidney suspensions. 

During a period of about a month and a half following the death of Aotus 
4359, five female mice in the breeding mouse colony became sick. Apparently the 
virus had in some way contaminated one sector of the colony. Agents were 
recovered which proved capable of bringing down other mice. These strains 
were called Mouse No. 1 to Mouse No. 5, following the chronology of isolation. 

An eighth strain, A.4354, was isolated from a squirrel monkey, Saimiri sciu- 
reus. This animal was a pet which came from Villavicencio with a family which 
moved from that town to Bogota. Two months after their arrival (three months 
before the first isolation of Aotus virus) they sold the monkey to the Institute. 
Since it was so tame, it was adopted by the boys who worked in the mouse colony, 
and was not used for any experiment. It was at times loose in the yard of the 
building, and could have been in the place where the dirty mouse cans were 
washed. In any case, it was found dead on March 31, 1951. At autopsy, the lungs 
were found to be congested, and there was pleuritic fluid. Histopathological study 
of the organs demonstrated myocarditis and pulmonary edema. Virus was re- 
covered from the lungs, pleuritic fluid and from pooled liver, spleen and kidney 
tissue. The strain was readily established in mice. 

Data on the isolation of virus from the eight sources described above are given 
in Table 1. 

Filterability. The isolated agents were found to pass through Seitz E. K. and 
Berkefeld W and N filters (Table 2). 
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TABLE 1 


Sources of eight strains of Aotus virus 





| ; 
Animal Strain Ran hn 


Source of virus 


7/24/50 





Aotus trivirgatus (Night A.4214 | Lungs 
monkey) 
Aotus trivirgatus Brain, lungs, 
spleen, kidney 
Brain 
Brain, lungs, 
spleen, kidney 
Brain 
| Blood 
| Blood, brain, lungs, 
liver, spleen, kidney 
Lungs, pooled liver, spleen, 
kidney 


A.4359 2/17/51 pooled liver, 
Mouse No. 


Mouse No. 


2/26/51 
3/9/51 


Swiss albino mouse 
pooled liver, 


3/12/51 
3/15/51 
3/30/51 


Mouse No. ¢ 
Mouse No. 


Mouse No. pooled 


A.4354 3/31/51 


Saimiri sciureus (Squir- 
rel monkey) 





TABLE 2 


Infectivity of three strains after filtration 


| Mortality ratios of mice inoc. I.C. with 
a | - | dilutions 
Strain Filter 


10-3 10-4 


A.4214 (12th 
MP*) 

A .4354 (20th 
MP) 

A.4359 (10th 


None 
Seitz E.K. 
None 


Berkefeld W 


None 


6/6 
0/6 
6/6 
6/6 
3/6 


MP) Berkefeld N 





* MP = mouse brain passage. 


Pathogenicity of the virus: white mice. The virus proved to be pathogenic for 
these animals when injected intracerebrally, intranasally, intraperitoneally and 
subcutaneously. Table 3 gives mortality ratios and average survival times for 
groups of 10-12 gram mice which were injected by the four routes with dilutions 
of a brain suspension of the fifth mouse passage of A.4359. Animals developed 
paralysis, usually of the hind legs, and died after three to ten days depending on 
the route of inoculation and the concentration of virus used. Adult mice (18-20 
grams) were less susceptible than young mice (10-12 grams), as shown in the 
comparative titration presented in Table 4. Some of the larger mice survived 
after subcutaneous injection with 1,000 to 10,000 LDso, an inoculum which killed 
100 per cent of the smaller animals, and about 10 to 15 per cent of the paralyzed 
mice survived their claudication and became immune. 

The distribution of virus was investigated in six mice that had become para- 
lyzed five days after the subcutaneous inoculation of the sixth mouse brain pas- 
sage of A.4359. They were bled, their sera were pooled, and the following or- 
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TABLE 3 
Pathogenicity of A.4359 (fifth mouse brain passage) for mice exposed by different routes 
Mice inoculated with virus dilutions 
Route 2 10-4 10-5 10~ 1077 10-8 


M/R)| AST M/R| AST 


Intracere- 
bral 1/6 | 3.8 | 6/6 | 4.6 : 5/6) 6.8) 1 
Intranasal 6/6 
Intraperi- 
toneal 6/6 
Subcuta- 
neous 6/6 


M/R = mortality ratio. 
AST = average survival time in days. 


TABLE 4 


Comparative titration of A.4359 (fifth mouse brain passage) in 10-12 and 18-20 gram mice* 


10-12 gram mice 18-20 gram mice 
Virus dilution 


10 
10 
10 
10 
10 
10 
1077 


* By the subcutaneous route. 
M/R= mortality ratio. 
AST = average survival time in days. 


gans were harvested separately: lungs, liver kidney, adrenals, spleen and brain. 
Pools of each were made into 10 per cent suspensions in saline solution, centri- 
fuged, and injected subcutaneously in 0.03 ml. amounts into 10-12 gram mice. 
The results of the titration are given in Table 5. As can be seen, the highest con- 
centration of virus was in the brain and adrenals. 

Viremia, virus multiplication in the brain, and virus excretion in stools and 
urine were studied. One hundred mice were injected subcutaneously with 
10,000 LDs5o of the fifth mouse passage of A.4359. Beginning 24 hours later and 
each 24 hours for ten days, then on the 16th and 20th days after inoculation, two 
mice were chosen at random; those selected from the first to the fourth days and 
from the seventh day on showed no signs of illness; those from the fourth to the 
seventh days were paralyzed. 

Brain tissue of the two mice sacrificed at the same time was pooled, prepared 
as a 10 per cent suspension in saline, and after centrifugation was titrated intra- 
cerebrally in mice. Sera were also titrated in mice. The results are set forth in 
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Figure 1 by plotting the mouse LD, titers of virus recovered from the blood 
and brain. Virus was already present in the blood 24 hours after inocula- 
tion, and had reached the brain. Concentrations of virus in blood and brain ran 
parallel up to the third day; then the viremia after reaching a peak of 10-*” 
dropped suddenly on the fourth day to 10-'-5 and diminished until no virus was 
present after the eighth day. The concentration of virus in the brain was about 
10-*-° on the second, third and fourth days, rose to 10-7 on the fifth, and fell 
until only traces were present on the 16th day, and none on the 20th. 
Overnight samples of stools and urine from the pairs of mice were mixed, made 
into 20 per cent suspensions, and after light centrifugation the supernatant fluid 


TABLE 5 


Virus distribution in mice five days after subcutaneous infection with A.4359 (sixth mouse 
brain passage) 








Virus titer* 


Spleen 
Kidney 
Adrenals 
Brain 





* In 10-12 gram mice, inoculated subcutaneously with 0.03 ml. 


Viremio and Virus Multiplication in the Brain of 
Mice Injected Subcutaneously with A4359 


LOso Titer of Virus 





i} 16 | 20 





Days After Inoculation 
Mortality Retio of Mice Inoculated Intraenasally with Stool= 
Urine Suspensions Obtained onthe Above Days 
5/6 5/6 2/6 4/6 4/5 2/6 2/6 2/6 2/3 2/6 Of/6 


Fie. 1 
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TABLE 6 





Mice infected with 


Strain | Route 


A.4359 (5th MP*) Subcutaneous 


Intranasal 
Mouse No. 5 (2nd MP) Subcutaneous 


Intranasal 


* MP = mouse brain passage. 


TABLE 7 
Susceptibility of Aotus monkeys to A.4214 and A.4359 


. | Circulating virus 
Inoculum (Days after inoculation) 
= aa Signs of illness 


Dosage | Mouse 
MI. LDso Route . 


Animal No. 





Strain | 


Aotus 1 | A.4214 (20th 0.50 |165,000| Intramus- |3/3*\3/3/4/4'0/60/6| Yes. Recov- 

| MP) cular | ered. 
| A.4359 (4th .75 |205,000| Intranasal |4/4 |5/6 No. Dead 4th 
| MP) day.t 





Aotus 2 


Aotus 3 A.4359 (4th .O |330,000| Intraperi- |3/3 |6/6) | Yes. Dead 3rd 
MP) toneal | = day.t 
Aotus 4 A.4359 (4th .25 | 82,500) Intracere- [5/5 |4/4) | | No. Dead 4th 
| | | 


| MP) bral 


| 





MP = mouse brain passage. 
* Expressed as mortality ratio of mice injected with undiluted serum. 


+ Virus recovered from brain, lungs and pooled liver, spleen and kidney. Myocarditis 
found. 


t Virus recovered from brain. Myocarditis found. 


TABLE 8 


Susceptibility of rhesus monkeys to Aotus Virus 





| 
} 


| ' , il te 
Animal — Dos- | Inoculum) Pa ny a 
No Strain age mouse | Route 

— Ml. LDse 





. bos oe Se ee 
| 





_—__—_____ —_—_—_—_—_— | ——— 


= = ats | } 
Rhesus 1 | A.4359 (4th 0.5 | 165,000 | Intracerebral | >10** | >107° | >10** | >10-70| 10-4 | 1/6 
MP #) | | 
Rhesus 2 | Mouse No. 5 1.0 | 330,000 | Subcutaneous | >10-*” >10-*4 | 107 | 1/5 
| (3rd MP) 
Rhesus 3 | A.4354 (2nd =| 0.5 | 130,000 | Intracerebral | >10-+° | >10-+2 | 
MP) 
Rhesus 4 | A.4359 (4th | 1.0 | 330,000 | Intraperitoneal, 6/6 | 6/6 | 5/6 | 
MP) 
Rhesus 5 A.4359 (4th 1.2 | 400,000 | Intranasal | 0/6 4/6 | /' 
| (MP) 


6 3/5 





* Expressed as mouse L Ds titers or as mortality ratios of mice injected with undiluted serum. 
* MP = mouse brain passage. 
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was inoculated intranasally into groups of six mice each. The mortality ratios 
are shown at the bottom of Figure 1, and indicate that virus was excreted each 
day for ten days. No virus was recovered from stool-urine samples collected on 
the 16th and 20th days. 

White mice were susceptible to the virus by the oral route. Two groups of six 
mice each were fed 20 ml. of wet food consisting of oats, corn flour and milk 
contaminated with 2.0 ml. of 10 per cent brain suspension from mice infected 
with the A.4214 strain. All the mice became ill five to ten days later. Further 
passages in mice were made with brain suspensions from paralyzed mice, and the 
recovered virus was identified as the Aotus strain by neutralization tests. 

The virus was transmitted to white mice by contact. Four groups of mice were 
infected, as shown in Table 6, and normal mice (identified by painting with 


TABLE 9 


Susceptibility of guinea pigs, rabbits, white rats and Syrian hamsters to Aotus virus 


Inoculum ~~ , 
Circulating 
virus 2-7 Antibodies 30 
days after | days after inoc. 
inoc. 


Animal no. Sicsniiaiall 
Strain of mouse Route 


(See foot- 
note) ft 


Guinea pig 1 Intranasal 


A.4214-15MP* 


Rabbit 


/ 


White rat A.4359-16MP 


> A.4359-4MP 


330 
330 
Syrian 20 
hamster { 20 
165 
165 
30 
} 30 


A.4214-4MP 


All animals survived, except Guinea Pig 1, and none showed signs of illness. 


* MP = mouse brain passage. 


Intracerebral 
Intranasal 
Intraperitoneal 
Intracerebral 


Intr: peritoneal 
Intracerebral 
Intranasal 
Intraperitoneal 
Intraperitoneal 
Intracerebral 
Intranasal 
Subcutaneous 
Subcutaneous 
Intracerebral 
Intracerebral 
Subcutaneous 
Subcutaneous 
Intranasal 
Intranasal 


a. 
~ 2 
/ 
> Pool + 


) 
> Pool + 
> Pool + 


f Pool + 


t This animal died. Virus was recovered from brain and lung, and myocarditis was 


found. 


t Circulating virus was present from the Ist to the 10th day after inoculation. This 
rat also excreted virus during this same ten days. 
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TABLE 10 


Cross neutralization tests between strains of Aotus virus 


Mouse no.1 | Saimiri A.4354 | Aotus A.4214 | Aotus A.4359 


mmunizing strains Serum # Animal no.* 5,000 LDso I.C. |, 5.000 LDso I.C. 


2,300 LDso S.C. | 5,000 LDso I.C. 





S/R | AS.T.| S/R | A.S.T. | 


S/R | AS.T.| S/R | AST. 


A.4214 Aotus 1 5/5 | 10.0 | 6/6 | 10.0 | 
Rabbit 1 | 6/6 | 10.0 
Rabbit 2 5/é /6 | 9.8 | 5/ .0 | 6/6 | 10.0 
Rabbit 3 | 6/6 | 10.0 


| 








A.4359 Rhesus 5 
Rhesus 4 
Rhesus 1 
Mice 

Nonet Rhesus 5 

Rhesus 4 ; 

Rhesus 1 ) ‘ / . 2/6 

Pool Aotus 2-4 j 3. ' ; 0/6 

Normal Mice j 4. 0/6 


# Obtained 30 days after exposure to virus. 
S/R Survival ratio of mice. A.S.T. = Average survival time in days. 

* For Aotus monkeys, see Table 7; for Rhesus, Table 8; for rabbits, Table 9. 

Mouse sera came from mice surviving after intranasal or subcutaneous inoculation. 
+ Sera obtained before exposure to virus. 


Fuchsin solution) were placed in the same cans. There was evidence of transmis- 
sion in each contact group, and virus recovered from the brains of these animals 
was identified by neutralization tests. 

Pathological studies of mice which died or were sacrificed when paralyzed in 
the experiments described above revealed encephalitis and, in a few instances, 
myocarditis. 

Aotus monkeys. Only one of four susceptible A ofus monkeys survived exposure 
to the virus (Table 7). This animal received brain suspension from the 20th 
mouse passage of A.4214 representing 165,000 mouse LD5» by the intramuscular 
route. After showing slight symptoms of encephalitis, it recovered after a week, 
and antibodies were found in a blood sample taken 30 days after inoculation 
(Table 12). The other three Aofus monkeys were given inocula from the fourth 
mouse brain passage of A.4359 in the dosages and by the routes stated in Table 7. 
Two of them died on the fourth day after infection, and virus was recovered from 
the brain, lungs, and pooled liver spleen and kidney of each. The other monkey 
was found moribund on the third day, and virus was recovered from its brain. 
Histopathological studies revealed myocarditis in the three animals which died. 

Rhesus monkeys. Five rhesus monkeys were tested for susceptibility to the 
virus. Table 8 summarizes this investigation and presents the results in terms of 
titers of circulating virus or as mortality ratios of mice injected with undiluted 
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serum. All the monkeys were symptom-free during the one-month observation 
period, in spite of the high concentration of circulating virus. Specific antibodies 
were demonstrated in blood samples obtained from all the animals 30 days after 
inoculation (Table 12). 

Guinea pigs, rabbits, white rats, Syrian hamsters. Experiments performed with 
groups of the above animals are outlined in Table 9, and the virus proved to be 
less pathogenic for these species than for white mice or Aofus monkeys. All ani- 
mals survived with no signs of illness, except for one guinea pig which died on 
the seventh day after inoculation. Virus was recovered from its brain and lungs, 
and myocarditis was found. Circulating virus for at least one day in all the 
animals was demonstrated by the inoculation of mice with blood samples obtained 
during the first week after virus administration, and antibodies were present in 
sera from the 30-day bleedings (columns five and six, Table 9, and Table 12). 

Virus excretion was investigated in a white rat in which viremia persisted for 
10 days. Fecal suspensions were tested each 24 hours for 30 days, and virus was 
recovered on each of the first ten days. 

Aedes aegypti mosquitoes. Sixty female Aedes aegypti mosquitoes from the 
Institute’s breeding colony were engorged on mice 10-12 days old, which, 
twenty-four hours previously, had been injected subcutaneously with the third 
mouse brain passage of A.4359 and, at the time the mosquitoes were engorged, 
virus was present in the blood of the mice at a titer of 10-*-®. A titer of 10-*-° was 
determined for material obtained by grinding two mosquitoes in 0.5 ml. of saline 
just after engorgement. The mosquitoes were kept in individual vials and incu- 
bated at 30°C. as described by Bates and Roca-Garcia (1945b). Twelve of the 
mosquitoes were induced to bite 3-day-old mice: four on the 10th, four on the 
12th, and four on the 15th day after the infectious meal. All the mice survived. 


TABLE 11 
Cross immunity test in mice 





Immunizing strain Challenging strain | Mouse LDso Mortality ratio of mice 
| a : 
A.4359 AA! 10,000 2/71 
A.4214 5/26 
None 











A.4359 
A.4354 
A.4214 
None 





Mouse No. 1 





Mouse No. 5 
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On these same days, four mosquitoes were ground in 1.0 ml. of saline, and titra- 
tion was made intracerebrally in 10-12 gram mice. No virus was demonstrated. 
Further attempts were made to infect mosquitoes in the larval stage by the 
method described by Whitman and Antunes (1938). One hundred half-grown 
larvae were placed for 24 hours in a 10 per cent mouse brain suspension which 
contained 33,300,000 mouse LDs5» of virus per ml. No virus was recovered from 
pools of four mosquitoes each ground up 10, 12 and 15 days after emergence, and 
incubated at 30°C. 

Identity of the strains. The strains of Aotus virus were subjected to cross neu- 
tralization tests in mice, and the results are given in Table 10. Serum from an 
Aotus monkey which had been inoculated with A.4214 neutralized the heterolo- 
gous strains Saimiri A.4354 and Mouse No. 1. Sera of three rabbits immunized 
with A.4214 neutralized A.4350, and the serum of one of them also neutralized 
the homologous strain, Mouse No. 1 and Saimiri A.4354. Post-inoculation sera 
from rhesus monkeys injected with A.4359 neutralized A.4214, A.4354 and 
Mouse No. 1. 

Mice which had survived after receiving subcutaneous or intranasal inocula- 
tions of the strains during serial passages were challenged as shown in Table 11. 
The results show definite cross protection among the strains. 


TABLE 12 
Results of neutralization tests in mice. Sera from animals exposed to Aotus virus against 
Mengo virus 
(10-12 gram mice injected subcutaneously with serum-virus mixture which had been 
incubated one hour at 37°C.) 








r —_ 
ae : Neutralization index 
Undiluted serum LDso Titer | (LD6o titer neutralized) 


Normal monkey 10-6 

Rhesus monkey 1* 10~-° 
10~° 
1Q-° 
10~° 
10-°:5 

Aotus monkey 1 107-} 

Guinea pigs 2-5 (Pool) 107?-5 

Rabbits 2-3 (Pool) 

Immune monkey 





Normal monkey 
White rat 1 10-5 
2-3 (Pool) i. 10-4 
3-4 (Pool) ; 10~* 
Hamster 1-2 (Pool) ate : 10-5 
3-4 (Pool) bkiche Fe 10-5 
5-6 (Pool) Saat 10-5 
Immune monkey nee 10-6 





* For rhesus monkeys, see Table 8; for Aotus, Table 7; for other animals, Table 9. 
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TABLE 13 
Results of cross neutralization tests between Mengo and Aotus viruses 


(10-12 gram mice injected subcutaneously with serum-virus mixture which had been 
incubated one hour at 37°C.) 


Mengo virus | Aotus virus* 
Dilution of sore (OS a 


} LDso Titer a... | LDso Titer 


Normal | Und. , 


_ LDso 
Titer neut. 








1:4 
1:16 
1:64 
Anti-Aotust 1:256 
1:1024 
1:4096 
1:16384 








Normal Und. 





Anti-Mengo 


* A.4359—6th mouse brain passage. 
+ Serum from Rhesus 5, see Table 8. 





Identification of the virus. The behavior of the agent in white mice and the 
pathological findings in the two Aofus monkeys from which the virus originated 
suggested the possibility that the virus might belong to the encephalomyocarditis 
group. Dr. K. C. Smithburn of The Rockefeller Foundation Laboratories in New 
York was kind enough to perform preliminary neutralization tests against E.M.C. 
and Mengo immune sera, using material from the fourth mouse passage of A.4359. 
The virus was neutralized by both immune sera (Smithburn, personal communi- 
cation). Further neutralization tests are summarized in Tables 12 and 13. Anti- 
Aotus serum neutralized Mengo virus, and anti-Mengo serum neutralized Aotus 
virus. 

DISCUSSION 


Evidence is presented that a filterable agent isolated from Aofus monkeys be- 
longs to the encephalomyocarditis group of viruses (Dick, 1949; Warren e? al., 
1949b). This conclusion is supported by the following evidence: a) the encepha- 
litis and myocarditis found in the original monkeys, in mice and in additional 
Aotus monkeys infected experimentally with the virus; b) the behavior of the 
agent in white mice, rhesus monkeys and other laboratory animals (although the 
virus did not induce fatal infections in guinea pigs and hamsters); and c) the 
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neutralization of Mengo virus by the sera of animals injected with the new agent, 
and the neutralization of known anti-Mengo serum by the Aotus virus. 

It is interesting to note how, once introduced into the Institute, the virus 
spread to one sector of the mouse colony and to the Saimiri monkey. In spite of 
this dissemination of the virus, no infections were apparent in any of the animal 


house attendants or in persons engaged in experimental work. No specific anti- 
bodies for the agent were demonstrated by mouse neutralization tests on serum 
specimens obtained from all the personnel of the Institute. This fact may show 
that the virus is not dust-borne, or it may indicate that human beings are not 
highly susceptible. One case of human encephalitis produced by the Mengo strain 
has been described by Dick et al. (1948a). Viruses belonging to the EMC group 
were isolated from children in Germany by Koch (1950) and Vivell (1952), and 
were also implicated in a ‘‘3-day-fever’’ suffered by Army personnel at Manila 
(Smadel and Warren, 1947). Dick (1953) summarized reports of antibodies to 
the agent in human sera, and concluded that there was a low immunity rate in 
widely separated parts of the world. 

There is no doubt that the Aotus monkeys were already infected when they 
arrived at the Carlos Finlay Institute, but it is not possible to say whether the 
animals were in the incubation period of the disease when they were trapped or 
whether they became infected during the four to six days they stayed at the 
Villavicencio field laboratory. This species of monkey is arboreal and nocturnal, 
and probably does not spend much time on the ground where it would have op- 
portunity for contact with the rodent population (mainly rats and mice) which 
have been suspected to be the reservoir of the encephalomyocarditis viruses in 
nature (Warren et al., 1949a; Dick, 1953). It is more likely that the Aotus monkeys 
were infected in the field laboratory, which is located outside the town and is 
surrounded by tropical vegetation. Small wild animals abound, and it is quite 
conceivable that rodents might get into the animal quarters seeking food. Unfor- 
tunately, no specimens of wild rodents were obtained in order to investigate this 
assumption. No neutralizing antibodies against the virus were found in the other 
seven Aotus monkeys which arrived at Bogota at the same time as those from 
which the agent was isolated. 

With the isolation of this virus and its identification, the geographical range 
of the encephalomyocarditis group is extended to South America. 


SUMMARY 


An agent was isolated from Aofus monkeys, and was identified as belonging to 
the encephalomyocarditis group of viruses. 
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THE 1954-1955 EPIDEMIC OF SMALLPOX IN TABRIZ 
HARALD FREDERIKSEN! anp SAEED T. MOTAMENI 
Public Health Cooperative Organization in Azarbaijan 


On December 8, 1954, smallpox was reported in Tabriz, the provincial capital 
of Azarbaijan, Iran (estimated population 230,000), and its presence was con- 
firmed by the Public Health Cooperative Organization®. When it became ap- 
parent that the disease had been reported only when it had become widespread 
throughout the city, physicians were interviewed and numerous unreported cases 
were discovered in various districts.* In view of the prevalence of confirmed 
smallpox in Tabriz, the PHCO immediately instituted emergency control 
measures. All physicians were sent bulletins describing the extent of the epidemic 
and the control measures being taken, and were urged to give prompt and com- 
plete reports of new cases. The citizens of Tabriz were warned of the threat of 
smallpox and, by means of radio broadcasts, press releases, posters, films, mobile 
loudspeakers and notices stamped on all incoming mail, were urged to undergo 
vaccination. Vaccination centers were established at the Health Center of PHCO 
and at Ministry and University clinics. Mobile teams were formed to vaccinate 
contacts and also all schools, factories and offices. The teams were later re- 
located at all police stations and at the many entrances to the Bazaar. Mobile 
health units also offered street-side vaccinations in those areas not reached by 
any of the above efforts, while the PHCO supplied vaccine to clinics of the Army, 
Ministry of Railroads, American Christian Hospital, Labor Insurance, and 
private practitioners. 

The mass vaccinations were in full swing by December 11, with about 20,000 
persons vaccinated daily at the peak of the campaign. More than 213,000 persons, 
or about 92 per cent of the population of Tabriz, were vaccinated within three 
weeks. The cooperation and support of all agencies was exemplary, the public 
response was complete and without panic. As a result the epidemic was abruptly 
terminated (Table 1). While the mass campaign may have averted a major 
disaster, the epidemic produced 123 cases and 17 deaths. Fortunately, patients 
and staffs of the isolation hospitals and the staff of the Ministry of Health were 
vaccinated on the first day of the campaign, and it was gratifying that, in con- 
trast to recent European and American experiences, no cases occurred among 
this personnel except for one person who had been infected at a local hospital 
prior to the campaign. 

Source of infection: transmission by fomites. Investigation established that a 
four-year-old boy from a village 12 miles north of Tabriz was the source of 
infection for the epidemic. He had developed the papular eruption at the village 


1 Present address, U.S. Operations Mission, American Embassy, LaPaz, Bolivia. 

? The PHCO was established by the Ministry of Health with the assistance of the U.S. 
Technical Cooperation Mission as the Department of Public Health in 1953. 

3 In the previous five years only five cases had been reported in Tabriz. 
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TABLE 1 
Number of smallpox cases in the Tabriz epidemic of 1954, by month and district of residence 
(figures in parentheses represent deaths) 








Residence Aug. Sept. | Oct. Nov. 5 Jan. | Feb. | Total 


_ — — EE = —_ 


Amirkhiz District.| 1 (1) | 3 (1) | 3 (1) | 2 | 6 7 11 | | 23 6) 


All other Districts.| 5 | 59 (8) 5 | 86 (8) 
Unknown 1 > ia 8 (2) | | | 14 (8) 


Total 


6 (1)|3 @)|4@)| 5 | 24 (2) | 74 G2)| 6 | 1 | 123 7) 





in the middle of July, and on his arrival in Tabriz during the third week of July 
was in the pustular stage of infection. He died and was buried in Tabriz towards 
the end of July without the case being reported. 

The discarded clothes of the deceased child were found in the grounds of the 
Amirkhiz cemetery by a boy who played with the tin horn which he discovered in 
the contaminated clothing and then brought the clothing home to his parents. 
When the parents realized the source of these items they anticipated that the 
child would develop smallpox, and the father immediately buried the articles, 
along with other clothing still scattered in the cemetery. About two weeks later, 
in the second week of August, the child developed smallpox, and died on August 
24, again without the case being reported. This was the first known case to 
become infected in Tabriz and was the source of infection of the next three cases 
—a brother, a cousin and a neighbor of the child. By this time smallpox was well 
established in the Amirkhiz district of the city, where it remained for about 
three months (Table 1). In July five other cases which had been infected in vil- 
lages north of Tabriz had been discovered on their arrival in other districts of the 
city. Contacts of these cases were promptly vaccinated and as a result no sec- 
ondary cases were traced to them (Table 1). 

Immunity to vaccinia and smallpox. Vaccination reactions read at a health 
center, a factory and two schools indicate the distribution of susceptible persons 
in the various age groups at the time of the epidemic (Table 2). The percentage 
of susceptible individuals, as measured by primary reactors, reached a high of 
88.2 under one year of age, dropping to a low of 14.6 among the school-age group 
as a result of extensive vaccination during childhood and revaccination at school 
age. A second peak of 77.8 was reached in persons over the age of 45, reflecting 
the limited interest in revaccination in adulthood. It is noted that a majority of 
this group had been vaccinated during childhood (Table 2). A comparison of 
Tables 2 and 3 shows that although the percentage of primary reactors was 
highest among the age groups under one and over 45, morbidity and mortality 
rates of these groups differed markedly, with the highest rates among persons 
under one year of age, and complete absence of cases over the age of 35. The 
results indicate that following vaccination, immunity to smallpox may persist 
longer than immunity to vaccinia. 

Among a group of 144 workers 12 displayed pockmarks as evidence of smallpox 
during infancy or childhood. Four of the 12 pock-marked workers developed 
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TABLE 2 
History of previous vaccination and takes of 611 persons vaccinated at a health center, two 
schools and a factory during the smallpox epidemic at Tabriz in 1954 


Accelerated . % Pre- 
Total Non- vious! y cau 
. ae ” reactors reactors * y 
No . " se nated 


Under 1 l 0 8.2 | 17 11.8 
14 5 33.: 14 31.1 6 45 90.6 
5-14 | 32. 52.5 4. 335 99. 
15-24 35. 23 41.1 | 3.3 56 96. 

25-34 6 22 30.6 | 2 38. , 92.5 
35-44 f ee . 34.2 
45- 2. 19.5 


Total... 175 29.4 25! 42.6 169 28 . 3 


TABLE 3 


Morbidity and mortality rates of the smallpox epidemic at Tabriz in 1954 by age group 


| Estimated* population ease Morbidity per z Mortality per 
Age of Tabriz Cases 100,000 100,000 


Under1l | 7,100 225.4 42.3 
14 29, 100 3: 110 24 
5-14 | 56,500 45 80 

15-24 40,100 5A. 
25-34 31,950 8 25 
35- 65, 250 


Total.. ‘ 230,000 





* Estimate of the Tabriz Registration Office with the age distribution of the standard 
population of the Kashan district. (Public Statistics Cooperative, 1955). 


primary reactions to vaccination during the campaign, which is evidence that an 
infection with smallpox virus does not provide lasting immunity to vaccination. 

Sex ratio of the cases. Vaccination of children is usual, but customs and differ- 
ences in social standing of the sexes favor the vaccination of the male rather than 
the female at all ages. This is especially true of revaccination, which is com- 
pulsory for the school population, since Tabriz still has more than twice as many 
male as female students in school in spite of recent efforts to emancipate the fe- 
male population. The male population has a further opportunity for revaccina- 
tion since it is compulsory for all conscripts into the armed services. 

The sex ratio of cases is shown in Table 4. Forty-two male and 81 female cases 
occurred. Since vaccination is usually not begun until the second year of life 
(Table 2), little difference in the sex distribution of cases would be expected in 
the age group under one year. During the epidemic, the incidence of smallpox 
was actually slightly greater for males than females under one year of age, but 
in all other age groups affected, the incidence of female cases was about twice that 
of male cases (Table 4). 
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Second attack of smallpox. During the epidemic a second attack of smallpox 
was reported in a seven-year-old female. This girl had been vaccinated at the age 
of one and still retained the scar on the right arm. At the age of three she had a 
febrile illness with a papular eruption which became pustular and resulted in 
pitted pockmarks with the characteristic distribution of smallpox scars. Her right 
eye was also involved and became blind. 

At the time of the recent epidemic the child was six. She developed cervical 
adenitis and was hospitalized for 13 days at a local hospital where several small- 
pox cases were under treatment. Twelve days after admission the girl developed 
a fever but was discharged the following day. After a febrile period of three days 
a papular eruption appeared which subsequently became pustular, resulting in 
fresh pockmarks. 

Glycerolated versus lyophilized vaccine. A lot of vaccine has been considered 
potent when revaccination of a group vaccinated ten to forty years previously 
results in more than 50 per cent vaccinoid reactions, with the remainder immune 
or primary (Leake, 1939). During the mass campaign such results were obtained 
with a group vaccinated only the year before (Table 5), which indicated that the 
present vaccine was potent, but that the use of this vaccine had at times been 
ineffective in the past. Twelve cases of this epidemic, three of which ended fatally, 
had been vaccinated within the past two years. 

The vaccine used in Iran is a glycerolated product prepared by the Pasteur 
Institute in Teheran. Failures of the vaccine in the past may have been due to 
the use of lots which had been improperly refrigerated, since in many areas of 
Iran refrigeration facilities are inadequate or lacking. In the recent vaccination 


TABLE 4 
Age and sex of the smallpox cases of the Tabriz epidemic in 1954 





Male Female | 





9 7 
11 21 
13 32 

6 16 

3 5 

0 0 








42 81 





TABLE 5 
Reactions of 225 children vaccinated in 1958 to revaccination at Tabriz in 1954 


| 
| Immune Accelerated | Primary | Total reactions| No. reactions 














24 


Pre-school 
19 | 199 


eke 9 | 7 8 
School A atacand 64 116 





123 27 223 
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campaign the glycerolated vaccine was used with proper refrigeration and was 
apparently a most effective immunizing agent. However, experimental use of a 
lyophilized vaccine in rural areas of the Isfahan province has established that 
the lyophilized product under field conditions without refrigeration was very 
satisfactory, with percentage and type of reactions comparable to those obtained 
with refrigerated glycerolated vaccine (Frederiksen and Sheehy, 1957). In areas 
without adequate refrigeration facilities, it is preferable to use the lyophilized 
vaccine rather than the glycerolated product. 


SUMMARY 


During the recent smallpox epidemic at Tabriz, 123 cases of smallpox and 17 
deaths occurred. About 92 per cent of the population was vaccinated within 
three weeks, abruptly terminating the epidemic. Interesting features of the 
epidemic included: an instance of transmission by fomites; the occurrence of a 
second attack of smallpox in one individual; and a marked preponderance of 
female cases, attributed to less vaccination of females in this cultural area. The 
susceptibility to vaccinia of persons over 35 and the absence of smallpox in this 
group indicated that following vaccination immunity to smallpox may persist 
longer than immunity to vaccinia. Failures of vaccination in the past were 
attributed to the use of glycerolated vaccine without adequate refrigeration 
facilities. The use of lyophilized vaccine was proposed. 
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AN EPIZOOTIC OF EQUINE ENCEPHALOMYELITIS THAT 
OCCURRED IN MASSACHUSETTS IN 1831! 


R. P. HANSON 


Departments of Veterinary Science and Bacteriology, University of Wisconsin College of 
Agriculture 


Memory of a disease that appears as an epizootic at intervals of ten to twenty 
years usually fades before the recrudescence of the disease. The identity of 
successive episodes is not often recognized and when it is suspected, proof has 
been unattainable until the development of etiological procedures in recent 
years. 

The isolation of the virus of Eastern equine encephalomyelitis in 1933 by 
TenBroeck and Merril (1933), and by Giltner and Shahan (1933), was based 
upon filtration of the infective agent and the susceptibility of guinea pigs to 
intracerebral inoculation, procedures only recently applied to study of animal 
diseases. Many investigators considered the newly named infection to be a new 
disease. Eastern equine encephalomyelitis was said to have appeared on the 
Eastern seaboard, spread westward to the Appalachians, and then passed 
beyond to Michigan and Texas (Randall and Eickhorn, 1941; Brown, 1947). 
Today we are more inclined to think of the discovery of Eastern equine encephalo- 
myelitis as the recognition by new procedures of an existing disease, and of the 
spread as the extension of diagnostic facilities and awareness. 

The origin of the disease has remained unknown but reviewers now assume 
that it had existed in the United States for some time and have cited an epizootic 
which occurred on Long Island in 1845 (Giltner and Shahan, 1939). A still 
earlier epizootic which has been overlooked was described in considerable detail 
in 1831. It is worth emphasizing that in 1831, 1845 and 1933, and probably at 
other times, the observers described the disease as new, unaware of previous 
records. The accounts published in 1831 are rather clear evidence that the 
disease behaved in a typical manner 100 years before the infective agent was 
isolated. One might suspect that Eastern equine encephalomyelitis has been 
reappearing along the Atlantic seaboard for centuries, even before there were 
horses or men in America. 

The New England Farmer of 1831 published reports from Dr. Arad Thompson 
of Middleboro, Dr. G. M. Peck of Foxboro and E. Phinney of Lexington. All 
observers lived within 30 miles of the ocean in a section of eastern Massachusetts 
that extends from a few miles north of Boston to thirty miles south of the city. 

According to Dr. Arad Thompson (1831) the disease commenced about the 
first of August. He wrote that in his area, “the number of horses that have died 
may be estimated at 75. Fifty of this number may have died in the first three 
weeks. After that the cases became less frequent. No case has occurred since last 
Monday.” (This was written on the twenty-sixth day of September in 1831.) 

1 Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. 
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“The number that have had the disease in a greater or less degree and re- 
covered may be estimated at 25. All ages from the suckling colt and upward have 
been equally subject to it and to its fatal effects. The duration of it was various. 
Some cases proved fatal within 12 hours after the indisposition was discovered 
while others continued 4 days before the fatal termination. 

“Those that recovered generally improved before the third day. I know some 
that recovered and have regained their health that were reduced very low, while 
others that lived through the severity of the disease, continued in a very poor 
and weak condition and either died by exhaustion—the disease probably con- 
tinuing on a chronic form—or were killed because their recovery to usefulness was 
deemed hopeless. 

‘“‘When the horse was first observed to be indisposed he was dull and moping, 
the eye was dull and heavy, he ceased to eat, he was inattentive to surrounding 
objects, he had inaptitude to motion, and when driven or moving voluntarily he 
was disposed to gyrate in a greater or less circle. The same horse when driven 
or led by the bridle would continually incline to the right or left and the same 
horse always the same way. They all had an expression of suffering pain, or 
uneasy sensation; some frequently putting the nose to the side. Some, when first 
discovered to be sick were down on the side and unable after to remain on the feet. 
All, as the disease progressed, remained down, and occasionally [made] spas- 
modically violent motions with the legs and some became, perhaps 24 hours 
before death, apparently wholly insensible to surrounding objects. Some sooner 
or later [were] delirious while others seemed to possess all the operations of 
instinct until their last moments. The bowels in no case within the results of my 
inquiry presented indications, by the discharges or bloating, that they were 
diseased. 

‘“‘We might enter into speculation on the cold winter, the wet and hot summer, 
in talking of the remote cause. Some peculiar state of the grass, may with much 
plausibility be ranked as a remote cause of the disease for there has been no case 
in this town where the horse had been fed on dry hay. 

“T have seen but two [infected animals] examined after death. The first was a 
horse 20 years of age which had been sick three days and had the throat cut, 
being in articulo mortis, immediately before examination. Both lobes of the 
brain presented equal traces of inflammation. The minute arteries were injured 
giving the whole surface a very faint reddish tint. No adhesions appeared on its 
removal. On one of the lungs, a surface five by three inches, showed marks of 
inflammation. The maw was filled with grass partly digested, and coarse Indian 
meal undigested which had been eaten the day before the attack. The meal was 
two quarts. One half of the stomach appeared in a healthy state. The other half 
instead of presenting the natural rugae showed a smooth surface of very dark 
pink color, inclining to chocolate. The intestines had a healthy appearance, 
excepting where they came in contact with the inflamed maw. The other viscera 
of the abdomen showed no marks of having been inflamed or diseased. 

“The other examination was of a horse 8 years old and it had been sick nearly 
4 days, and in a similar state of the other that was bled to death. The brain 
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presented the same appearance (with a less degree of inflammation) with the 
foregoing case. The lungs showed no evidence of having been inflamed. They 
had a few small spots of dark extravasated blood near the surface. The peri- 
toneum exhibited no trace of disease. The inside of the stomach presented a 
smooth surface or wholly deprived of all the rugae and covered by a whitish, 
tenacious, mucous and pus-like matter. On the removal of this the mucous mem- 
brane was ulcerated in numerous small spots, and between the ulcerations, the 
mucous coat had a strong pink tint and the small arteries evidently injured. The 
other viscera showed no marks of having been diseased.” 

Gardener M. Peck (1831), who lived 20 miles northwest of Dr. Thompson, 
reported, ‘My opinion will be founded principally upon the disease as it occurred 
in the mare I lost in September... .” 

“On the seventh of September my boy took her from the pasture a little before 
sunset and harnessed her in the sulky. While standing at the door, I observed 
she slavered freely and was stupid and downcast in her appearance. I discovered 
that she was loathe to go faster than the walk, and although repeatedly urged 
forward by the whip would shortly resume the walk. Once or twice on ascending 
a hill she stopped for a moment as if fatigued, or in pain and several times in 
descending small pitches she appeared in great danger of falling from the very 
bungling manner of using her forefeet. 

“She had been turned to grass for a few weeks to recover from an injury to one 
of her limbs and deprived of grain to which she had long been accustomed. This 
change in her living and want of exercise, I thought at first might account for 
her lack of spirit and activity as well as for the awkwardness of her gait. I there- 
fore continued my ride without discovering anything farther till the latter part 
of the evening, except that whenever the whip was applied a distinct interval 
was obvious between the time I struck her and the time she perceived the blow. 
When she did perceive it, the effect was greater than was expected for she started 
off as if surprise had been added to the usual effects of the lash. 

“On my return home in the latter part of the evening I experienced great 
difficulty in keeping her in the road, on account of an obstinate and constant 
tendency to the left, that required strong effort to counteract. She could scarcely 
be urged out of a walk, and it was perfectly evident that she was laboring under 
some alarming disease ... . 

“T now made a careful examination and found the whole surface of the body 
cold and tremulous, countenance dull and listless, a leaning and stepping to the 
left, with so much appearance of general weakness as to induce the fear that she 
would fall in the harness. With much ado I got her home which was then but a 
short distance. She, however, grew worse very fast and when she arrived home 
did not recognize her own stable. 

“She was now well rubbed and a gallon of blood taken from the neck. While 
this was doing, and afterwards she often kicked violently with her left foot. 
About 11 p.m. I was called from home and did not return until the next day 
about 2 p.m. when she was down and incapable of rising. She was left in care of 
a farrier who had bled her again and given her several cathartic medicines with- 
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out effect. She lay stretched out upon the floor with her head drawn back and the 
muscles of the neck, abdomen and limbs frequently convulsed. At short intervals 
she would revive, or attempt to get up, but could only get upon her hind feet 
for her fore legs appeared to be completely paralyzed. She would, however, 
make a powerful exertion to rise forwards and throw herself several feet ahead 
without regard to anything that might be in her way. No material alteration 
took place till next morning except gradual diminution of strength and exertion. 
In the morning she commenced moving her legs backwards and forwards, was 
generally convulsed and apparently in greatest distress. This state of things 
continued till 9 a.m. when she expired. 

“Examination [was conducted] one hour after death. The cavity of the chest 
and abdomen was opened and each viscus carefully examined: no disease was 
discovered except a slight inflammation of the mucous surface of the urinary 
bladder which probably resulted from retention of urine. The vessels of the 
brain were remarkably turgid and between the pia mater and arachnoid mem- 
brane, numerous small collections of water were found in the depressions upon 
the surface of the brain. The water in the ventricles did not much exceed half a 
gill. The cerebellum was surrounded with water enclosed in the membranes 
above mentioned and the effusion was still more abundant around the medulla 
oblongata and medulla spiralis. The anterior of both cerebrum and cerebellum 
appeared more vascular than I supposed to be natural. 

“In respect to the cause, numerous opinions are in circulation. Some impute 
this malady to the watery quality of the grass arising from the frequent rains and 
heavy dews; others to the great abundance of it, supplying an excess of nutri- 
ment; while others again, ascribe it to noxious plants and poisonous insects 
saten by the horse.” 

The observations of Elias Phinney (1832), Lexington historian, were in agree- 
ment with those of Thompson and Peck. The signs of disease which he described 
for his horse were the same. The epizootic in Lexington may have been longer as 
he reported a case early in the summer, one on September first and one 2 weeks 
later. How many more cases occurred, he does not relate. Like Peck, Phinney 
comments on the difference in predisposition of stabled and pastured horses: “In 
most instances the horses that have been attacked fed upon grass.” 

A cursory examination of the Boston Medical and Surgical Journal and the 
American Journal of Medical Sciences for the period 1831 to 1835 failed to reveal 
a single description of a summer fever or encephalitis that might have been 
caused by equine encephalomyelitis. A more thorough examination might un- 
cover evidence of human encephalitis. 


SUMMARY 


Three reports previously overlooked describe an encephalitis of horses that 
occurred in three coastal counties of Massachusetts in 1831. The disease appeared 
in midsummer, reached its peak in August and disappeared by the end of Sep- 
tember. Mortality was high; of 100 horses known to be affected near Middle- 
boro in Plymouth County, 75 died. Death usually occurred within one to four 
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days after signs appeared. The affected horse first appeared dull and tended to 
move in a circle. Incoordination became marked as the disease progressed. 
Spastic paralysis, prostration and coma usually preceded death. Some animals 
that survived regained their health but others were killed because restoration to 
usefulness seemed unlikely. The only lesion seen on necropsy was a slight in- 


flammation of meninges. The disease attacked animals of all ages. It was common 
among horses on pasture and rare in those kept stabled. The disease described in 
1831 fits modern descriptions of Eastern equine encephalomyelitis. 
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A NOTE ON TYPHUS IN EGYPT AND THE SUDAN! 
R. M. Taytor?, J. R. Kinaston anp FaraaG Rizk 


That the incidence of typhus may serve as an indicator of man’s follies, failures 
and accomplishments is well illustrated by the record of the disease in Egypt. His 
follies are represented by a dramatic increase of typhus during the two World 
Wars, and his failure (economic) by a less marked though significant rise during 
the ‘“‘depression”’ in the early thirties. His accomplishment in controlling the 
spread of the infection is reflected in a lower incidence of typhus since 1947 than 
was ever previously reported (Fig. 1). 

Although there was a decline in the rate of typhus following both World Wars, 
the descent which began in 1945 was the more precipitous. That year marked the 
initiation of DDT dusting of the human population, and the rapid fall in the 
number of cases is generally attributed, and probably rightfully, to the use of 
DDT and the suppression of the louse population. The fact that minimal rates 
have prevailed since 1947, averaging less than one per hundred thousand popula- 
tion, is likewise generally ascribed to the continued periodic application of DDT. 

For a comprehensive report on the history of typhus in Egypt and for refer- 
ences to previous studies, the paper of Kamal (1943) should be consulted; also, 
the publication of Van Rooyen (1944) gives information on typhus, particularly 
among British troops in Egypt and neighboring countries during the early part 
of World War II. The United States Typhus Commission likewise conducted 


studies on typhus in Egypt during World War II, but the published reports 
relate mainly to the protective effect of vaccination, treatment and serological 
responses, rather than to the epidemiology of the disease (see collected reprints of 
the United States Typhus Commission). 


INVESTIGATIVE 

In the process of making a survey of viral and rickettsial infection in the Nile 
Valley, which began in the fall of 1951 and continued through 1954, considerable 
numbers of bloods were collected from human beings and lower animals. With 
the object of obtaining information on the geographic distribution and incidence 
of previous infection with typhus of the human population, a portion of the sera 
collected was examined for complement-fixing (CF) antibodies against a typhus 
antigen. Rodent bloods from selected places were similarly examined. In current 


1 This study was conducted under the auspices of the Ministry of Public Health of the 
Egyptian Government and the U. 8. Naval Medical Research Unit No. 3, with aid from 
The Rockefeller Foundation, and latterly from the Office of Naval Research through a 
contract administered by the University of Chicago. 

The opinions or assertions contained herein are the private ones of the authors and are 
not to be construed as official or reflecting the views of the Navy Department or the Naval 
Service at large. 

2? Present address: Yale University Medical School, 333 Cedar St., New Haven, Con- 
necticut. 


863 





864 TAYLOR, KINGSTON AND RIZK 


260 





2404 


ON 


2207 
2007 
1807 
1604 


140-4 





1207 


100,000 POPULAT! 


1004 


80 4 


PER 


604 
40- 


20-4 











oO Sn AO SO A A Ea a a a an Laan an SS A Ea a A 
YEAR- 1906 ‘8 10 ‘I2 ‘1416 18'20'22 24 ‘26 '28 30°32 343638 40 42 44 46 48°50 5254 
Fic. 1. Yearly rate per 100,000 population of typhus fever reported in Egypt from 1906 
to 1954. (This graph is based upon data supplied by the Department of Preventive Medicine 
of the Ministry of Health.) 


human infections an effort was made to distinguish between murine and epidemic 
(louse-borne) typhus. 


METHODS 


Collecting blood specimens. The blood specimens from the human population 
were collected by venipuncture in vacutainers of 20 ml. capacity. Rodent speci- 
mens were obtained by trapping the rodents, bringing them to the laboratory 
alive and collecting the blood by heart puncture. The serum was separated from 
the blood clot within 24 hours after the blood was taken and was stored at — 20°C. 
pending examination. 

Performing the complement-fixation (CF) test. For survey purposes a soluble 
antigen prepared from the yolk sacs of egg embryos infected with Rickettsia 
prowazekii was employed. This antigen was kindly supplied by Dr. J. C. Snyder. 
For identification of the type of infection, washed specific murine and epidemic 
antigens purchased from commercial producers were used. 

The hemolytic system consisted of the customary rabbit hemolysin, guinea pig 
complement and sheep red blood cells. These elements were prepared in the 
laboratory. In the actual test, 2 units of complement, determined by titration 
preceding and during each test run, were used. A solution of 8.5 Na Cl, 0.1 Mg 
SO, and 0.015 grams of Cu Cl, (anhydrous) per 1,000 ml. of distilled water, 
buffered with 0.575 barbital (acid diethylbarbituric) and 0.375 grams of sodium 
barbital, was used as diluent for all ingredients employed in the test. 

Each serum was routinely inactivated at 56°C. for one half hour. If it proved 
to be anticomplementary (AC) it was re-inactivated at 60°C. and again tested. 
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The initial screening run was made with a 1:8 dilution of the serum. If CF 
occurred at this dilution, the serum was again run, commencing at 1:16, and 
twofold dilutions continued until the endpoint was reached. The primary incuba- 
tion of the serum-complement-antigen mixture was carried out overnight in an 
icebox at +4°C. The following morning the racks were removed from the icebox, 
allowed to stand for 15 minutes at room temperature, then placed in a water 
bath at 37°C. for 15 minutes before adding the sensitized RBC. After adding the 
sensitized RBC, the racks were returned to the 37°C. water bath and the readings 
made at the end of 30 minutes. Only complete inhibition of hemolysis (4+) and 
75 per cent inhibition (3+) were recorded as positive. 

Surveys of the human population. In Egypt, specimens were secured from per- 
sons attending health centers or assembled by the health officer, and from school 
children; in the Sudan, from villagers called in by the tribal chiefs and, in some 
instances, from dressing station and hospital patients. In this manner a total of 
1,652 blood specimens were collected and examined: 1,066 from 20 localities in 
Lower Egypt, including the Delta; 234 from 5 localities in Upper Egypt (up the 
Nile from Cairo); and 352 from 11 places from Khartoum southward along and 
west of the White Nile in the Sudan. Though an attempt was made to secure a 
balanced sample in respect to age and sex, this was frequently not feasible, and 
as the number secured from a single place was small, averaging between 30 and 
50, the results have been tabulated according to region rather than by individual 
locality (Table 1). 


TABLE 1 
Results of complement-fization (CF) tests with typhus antigen on sera collected at various 
localities in Lower and Upper Egypt and Southern Sudan 





Positive in dilution of 
No. No 
tested 





Lower Egypt 1066 | 861 
Upper Egypt 234 | 203 
All Egypt. 1300 | 1064 
Percentages 81.! 9.8; 3.3| 2.1] 2.0} 0.8 


Southern Sudan 35: 339 9 1 2 1 
Percentages 96.3 2.6 0.3 0.6 0.3 


TABLE 2 
Results of complement-fization (CF) tests with typhus antigen on sera collected in Egypt 
tabulated according to age groups 


All ages 


Years | 5 10-14 5- 20-29 40+ 


Tested | , 179 248 1300 
Positive ; 78 236 
% positive : j : 31 18 
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It will be observed from Table 1 that most of the positive reactions occurred 
only in low dilutions of the serum, 1:8 and 1:16, implying that infection had 
taken place at some considerable time in the past. A few sera, however, reacted 
in dilutions of 1:64 and above, suggesting a more recent infection; all but one of 
these were collected in Egypt. The other feature of interest is the regional differ- 
ence in the total positives—in Lower Egypt 19.3 per cent, Upper Egypt 13.2 per 
cent and in the Sudan 3.7 per cent. 

Age and sex distribution of CF antibodies. The presence of CF antibodies was 
definitely related to the age of the donor. In the blood specimens collected in 
Egypt, the percentage of positives increased from 3 per cent in the age group of 
0-4 to 31 per cent in the age groups above 29 years (Table 2). The rise was con- 
tinuous but more precipitous up to the 15th year. There was no significant differ- 
ence in the rates among males and females. 

Type of infection. Identification of the type of infection, epidemic or murine, 
was limited to 50 active or recent cases of typhus. Utilizing specific CF antigens, 
35 were classed as epidemic and 15 as murine. All of these infections occurred in 
or near Cairo and the Nile Delta. The sample is, therefore, not representative 
for Egypt as a whole. Conclusive classification could not be made on a number 
of sera because there was not sufficient difference in the titer with the two specific 
antigens. Classification was not made unless the difference in the titer was equal 
to or exceeded fourfold. 

Serological survey of rodents. A total of 262 rodents was captured and the sera 


TABLE 3 
Complement-fixation tests for typhus on bloods from rodents captured in Alexandria and a 
village in the Delta 


Alexandria 


Positive in dilution of 
No. tested Neg. 
64 


Rattus rattus rattus 

Rattus rattus alezan- 
drinus 

Rattus norvegicus 

Arvicanthis n. niloticus 


Totals 


Barada Village 
Positive in dilution of 
No. tested Neg. 


1/16 1/32 | 1/64 | 1/128+ 


Rattus rattus rattus j 60 
Rattus norvegicus 
Acomys c. cahirinus 


Totals 
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examined for typhus CF antibodies. One hundred and sixteen of the rodents, 
consisting of Rattus rattus rattus, Rattus rattus alerandrinus, Rattus norvegicus and 
Arvicanthis n. niloticus, were taken in or near Alexandria. Positive reactors were 
found in all four species and averaged 34 per cent (Table 3). Slightly more than 
half of the sera reacted in a dilution of only 1:8, but a few others were positive in 
a dilution of 1:128 and above. In contrast to this rather high percentage of posi- 
tives among rodents of Alexandria, no positives were found among 146 sera 
obtained from R. r. rattus. R. norvegicus and Acomys c. cahirinus in Barada 
Village, located approximately 30 kilometers north of Cairo in the Nile Delta 
(Table 3). 


DISCUSSION 

These studies on typhus were incidental to a general survey of viral and rickett- 
sial infections in the Nile Valley and are, therefore, by no means extensive and 
complete. They do show, however, that according to the CF test, infection with 
typhus or a closely allied rickettsia has been widespread from the Mediterranean 
Coast southward along the Nile Valley to the Southern Sudan. The rate of infec- 
tion is highest in Lower Egypt and diminishes progressively southward until the 
lowest rates are encountered in the Southern Sudan. This is what might be 
expected from the climatic conditions and the habits of the people that directly 
affect the prevalence of body lice. To the north, in Lower Egypt, the winters are 
sufficiently cold to require the use of rather warm clothing, which favors the 
harboring of body lice; southward, less clothing is employed,—in the Southern 
Sudan it is virtually negligible—and louse infestation is correspondingly low. 

No other rickettsial or allied infections were encountered which would account 
for the fixation of complement with a typhus antigen. There was, for example, 
no correlation between reactors to a Q fever antigen—also prepared from egg 
yolks—and a typhus antigen. Moreover, the age incidence of reactors to a Q 
fever antigen was at variance with that observed with a typhus antigen. Q fever 
positives were highest in children and less in older age groups (Taylor et al., 
1952), while with typhus, the contrary was found. Nor is it believed that infec- 
tions of the Boutoneuse-Rocky Mountain Spotted Fever-Rickettsia-pox group 
were responsible for complement fixation with a typhus antigen. This inference 
is drawn not only because there is doubtful crossing between this group and louse- 
borne and murine typhus, but also because several hundred sera were tested with 
Rocky Mountain spotted fever and rickettsia-pox antigens without revealing 
any positive reactions.’ However, if a positive reaction in a serum dilution of 1:8 
or 1:16 is indication of a previous typhus infection, it is evident that many infec- 
tions in children are not being reported, either because of lack of completeness of 
reporting or because the attack is so mild that it escapes attention. 

The number of recent infections in which it was possible to differentiate be- 
tween murine and epidemic typhus was small (50), but it may be inferred that 
approximately 14 of the typhus cases occurring in the Nile Delta and in the 
vicinity of Cairo during a non-epidemic period (1952-55) are of the murine type 


’ These antigens were generously supplied by Dr. H. R. Cox of the Lederle Laboratories 
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and 24 are of the epidemic type. The murine infections were usually sporadic, 
while the epidemic type tended to occur in multiple cases; at least, the two limited 
outbreaks that were investigated involving a number of cases in the same neigh- 
borhood proved to be epidemic typhus. 

The observation that a rather high percentage of rodents captured at Alex- 
andria gave a positive CF test for typhus while there were no positive reactors 
among the rodents taken at Barada Village in the Nile Delta, suggests that 
murine typhus is more highly endemic in Alexandria than in the rural part of the 
Delta. It was in Alexandria that the first case of murine typhus in Egypt was 
reported (Modinos and Vassiliadis, 1936), and Van Rooyen (1944) observed that 
murine typhus was more prevalent among British troops stationed in the vicinity 
of Port Said—the other principal Mediterranean harbor—than among the 
indigenous population. However, during the present survey four of five sera 
obtained from children living in villages near Barada gave a significantly higher 
titer with a murine antigen than with an epidemic type antigen. It would appear, 
therefore, that murine typhus does occur in the rural village inhabitants not- 
withstanding the failure to identify the infection in rodents from the one village 
surveyed. 

The inability to differentiate between murine and epidemic typhus in a number 
of sera from recent cases may have been due to pre-conditioning; that is, the 
person may have had a previous attack of either murine or epidemic, or the 
attack may have represented a recrudescence (Brill-Zinsser Disease) of a former 
infection and thus rendered the antibody less specific in respect to murine and 
epidemic antigens (Murray et al., 1950; Murray and Snyder, 1953). Also, the 
differentiation usually had to be made from a single serum as it was commonly 
not feasible to obtain a second specimen. 

As far as we are aware, no antigenic type intermediate between the louse-borne 
epidemic and murine types has ever been encountered in nature or produced by 
laboratory manipulation, yet the possibility of such a type existing should not 
be overlooked. Certainly, if passage through different vertebrate and arthropod 
hosts may produce antigenic alteration, the opportunities for this occurring in 
Egypt are exceedingly favorable, for besides the vertebrate hosts—man and 
rodents—both fleas and lice that parasitize these two hosts are constantly present 
in the villages. 

Although not specifically investigated, it is probable that the endemicity of 
louse-borne typhus in Egypt is attributable to the recrudescence of initial infec- 
tions (Brill-Zinsser Disease) rather than to continued transmission from one 
initial attack to another. It has been conclusively demonstrated that R. prowaze- 
kit may persist for long periods in lymph nodes following apparent recovery from 
the primary attack (Price, 1955), and that during recrudescences the rickettsia 
circulate in the blood in sufficient concentration to infect body lice (Murray et al., 
1950). The studies in Yugoslavia by Murray et al. (1951) have shown that in 
populations subjected to extensive typhus epidemics the occurrence of Brill 
Zinsser Disease is not infrequent. 

The low rate of officially reported clinical typhus since World War II is grati- 
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fying, but the future should not be viewed with complacency for the following 
reasons. 1) There is a growing-up, non-immune population. 2) The country is 
well seeded with R. prowazekii and recrudescences are to be expected and may 
initiate foci of infection. 3) Body lice (Pediculus humanus var. corporis) continue 


to be widely distributed and the race now common in Egypt shows a moderate 
and probably increasing degree of resistance to DDT (Hurlbut et al., 1954). 
Under these conditions, disturbances in the standards of living, the shifting of 
the population or any of the factors which contribute to typhus transmission 


might provoke an epidemic which would be more difficult to control by the use of 
DDT than hitherto. 


SUMMARY 


1) Complement-fixation tests with a soluble typhus antigen on sera collected 
from the indigenous population at various localities in Lower (Nile Delta) and 
Upper Egypt and the Southern Sudan revealed positive reactors in all three 
regions sampled. The highest percentage of positives was found in Lower Egypt 
(19.3), the next highest in Upper Egypt (13.2) and the lowest in the Southern 
Sudan (3.7). 

2) The rate of positives increases with the age of the donor. 

3) By utilizing specific epidemic and murine complement-fixing antigens, 35 of 
50 current typhus infections were found to be of the epidemic type and 15 of the 
murine type. 

4) A high percentage (34%) of 116 rodents captured at Alexandria gave a 
positive complement fixation reaction, but none of 146 rodents captured in a 
village in the Nile Delta was positive. 

5) Though, since 1947, typhus has been at a low ebb—less than one case re- 
ported per 100,000 population—both louse-borne and murine typhus continue 
to occur, and in view of a growing-up, non-immune population and a developing 
resistance of the Egyptian lice to DDT, the danger, under favoring conditions, 
of epidemics in the future should not be ignored. 
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In recent years, the significance of leptospirosis as a major cause of febrile dis- 
eases in indigenous and military personnel in Malaya has been recognized (Mc- 
Crumb e al., 1957; Robinson and Kennedy, 1956; Broom, 1953). Studies on 
Malayan leptospiroses by British and American investigators in 1951 and 1952 
revealed a high prevalence of leptospiral antibodies in human beings, domestic 
animals and wild rodents and drew attention to rural, urban and forest foci of 
infection (Wisseman ef al., 1955). In addition, serologic and cultural studies in- 
dicated the presence of a multiplicity of leptospiral serotypes in Malaya (Alex- 
ander et al., 1955). 

From the end of 1953 through 1955, outbreaks of leptospirosis in British se- 
curity forces as well as sporadic cases of this disease in military and civilian per- 
sonnel were jointly investigated by the United States Army Medical Research 


Unit at the Institute for Medical Research, Kuala Lumpur, Malaya and by per- 
sonnel of the Royal Army Medical Corps in Malaya. The clinical, epidemiologic 
and laboratory diagnostic aspects of these studies are described in previous re- 
ports (McCrumb e? al., 1957; Robinson and Kennedy, 1956). This paper reports 
the results of serologic tests on patients’ sera and antigenic characterization 
studies of leptospiral isolates. In addition, this report also deals with specific 
problems in the current classification of leptospires pertinent to this study. 


MATERIALS AND METHODS 


Strains studied. The antigenic characteristics of 110 isolates obtained from 109 
human beings were studied. One of the patients had a repeated infection and is 
represented twice in this series. All of the leptospiral strains were isolated from 
the blood of patients by direct cultural methods. The techniques employed for 
the isolation of strains are described by MeCrumb et al. (1957). 

Serologic techniques. The basic serologic procedure employed in this study was 
the microscopic-agglutination (“agglutination-lysis’”’) test of Schiiffner and 
Mochtar (1927). This procedure, the method of preparing rabbit antisera and 
the techniques of agglutinin-absorption tests are described in detail elsewhere 
(Alexander et al., 1954). 

Microscopic-agglutinalion tests on patients’ sera. Single, paired or serial serum 
samples from proved or suspected human cases of leptospirosis were submitted 
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to this laboratory at various intervals over a two-year period for microscopic- 
agglutination tests. Initially, sera submitted during the early phase of this study 
were tested against 25 different serotype (antigenically distinct) strains, includ- 
ing the 17 antigens routinely employed in this laboratory (Gochenour and Yager, 
1952). These early serologic findings and the serologic identification of leptospiral 
isolates provided the basis for the subsequent selection of the following 17 test 
antigens for detecting agglutinins: Leptospira celledoni; Malayan strain ‘‘Cox”’ 
(javanica group); L. djatzi; L. schuffneri; L. pomona; L. australis A; L. autum- 
nalis, Fort Bragg; L. canicola; L. malaya; L. icterohemorrhagiae AB; L. pyrogenes; 
Malayan strain “Biggs’’ (pyrogenes group); L. grippotyphosa; L. djasiman; L. 
medanensis; Malayan strain ‘‘Worsfold”’ (hebdomadis group); L. wolffi. Approxi- 
mately 60 per cent of the sera tested were screened against the above antigens. 


RESULTS 


I. Antigenic analysis of isolates. The 110 isolates, employed as antigens, were 
tested against a battery of 23 type-leptospiral antisera. On the basis of observed 
cross-reactions, strains were tested against additional antisera to disclose further 
antigenic relationships. 

The cross-agglutination study revealed 30 distinct patterns of cross-reactivity 
that were given serogroup designations according to Wolff and Broom’s (1954) 
nomenclature. The cross-reactive pattern of representative isolates, the distri- 
bution of isolates within patterns, and the serogroup designations are shown in 
Tables 1 through 4. Approximately 23 per cent of all isolates were members of 
the pyrogenes serogroup. Nearly all of the remaining isolates were more or less 
evenly distributed (6 to 13 per cent) in each of the following eight serogroups: 
hebdomadis, bataviae, canicola, javanica, grippotyphosa, icterohemorrhagiae, 
autumnalis, and schuffneri. The pomona, australis A and djasiman serogroup, 
each comprised approximately 1 to 4 per cent of the isolates. 

In some instances strains showed serologic affinities with members of more 
than one serogroup. The designation of serogroup for such strains was based on 
the relative distribution of high order cross-agglutinins against the respective 
serogroup members. Strain “Hampton,” which reacted to high titer against 
pyrogenes serotypes as well as against the antigenically dissimilar L. celledoni 
serotype (Broom and Smith, 1956), was arbitrarily classified with the former 
strains (Table 2). Representative strains “Whitcomb” and “Reilly” as well as 
serotype L. celledoni were assembled under the javanica serogroup because of 
their restrictive cross-reactions with the type-strain of L. javanica (Table 2). 

The definitive identification of representative isolates was based upon the 
results of reciprocal agglutinin-absorption tests. For this purpose antisera were 
prepared in rabbits against each representative isolate. The antigenic analysis 
of each strain under study was conducted with those serotypes against which it 
cross reacted to at least ¢th of the homologous titer. A summary of results of 
these extensive cross-agglutinin-absorption tests is shown in Table 5. The de- 
termination of homology or heterology of serotypes was essentially based upon 
criteria, proposed by Wolff and Broom (1954), that were slightly modified to 
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TABLE 1 


Cross-agglutination reactions of leptospiral isolates showing serologic affinities 
with either the schuffneri, canicola, or icterohemorrhagiae serogroup 





Serogroup ....... +. .| schuffneri canicola icterohemorrhagiae 
Pattern of cross-reaction I II Ill IV VI VII Vill 
Number of strains.... 7 7 2 l 3 4 1 





Homol- : ; 
ogous Reciprocal of titer of representative strain 


Antiserum . 
titer 





Bishop |Jones Muni Sumner Watson|Smith Penny Birkin 





*L. ballum 25600 - 100 400 400 - 400 - 400 
L, canicola 25600 1600 6400 25600 6400 6400; 6400 400 400 
L. schuffneri | 25600 25600 1600 1600 6400 6400 100 100 100 
L. malaya 25600 6400 400 1600 6400 102400 1600 1600 
L. ictero, AB | 25600 ° e ° 400 400 6400 400 
L. pyrogenes 25600 - 400 100 100 100 - 

alexi 6400 = 100 100 ° e ° 

australis B| 6400 400 102400 102400: 100 400 
erippo. 25600 ° < “ 

javanica 25600 4 - 100 10d 
celledoni 6400 . ° 10d 


ictero. A | 25600 1600 6400 25600 25600} 6400 6400 102400 
naam 25600 400 1600 400 6400} 6400 25600 6400 
mankarso | 25600 : 1600 1600 6400}25600 25600 25600 

. benjamin | 25600 25600 25600 25600] 1600 400 1600 

L. sarmin 25600 400 6400 6400} 400 400 1600 

















*Screening antisera. No agglutination at 1:100 dilution (= — against L. andaman, 
L, djatzi, L. byos, L. pomona, L. djasiman, L. sentot, L. autumnalis AL, L. australis A, 
L. medanensis, L. wolffi A, *“Worsfold”, L. semaranga. 


f Additional screening antisera employed to disclose further serologic relationships. 


conform to the dilution scheme employed in agglutinin-absorption tests con- 
ducted by this laboratory (Alexander et al., 1954). Thus, two strains are consid- 
ered serologically heterologous if after absorption by the other strain, the anti- 
serum of each strain retains at least 14¢th of the original homologous titer. Sim- 
ilarly, two strains are homologous if residual titers following absorption are less 
than lth (e.g., 1:64) of the origina! homologous titers. 

Ten of the 30 strains thus studied were serologically indistinguishable from 
the following type strains respectively (Wolff and Broom, 1954; Alexander ef al., 
1955): L. schuffneri, Vieermuis 90C; L. canicola, Ruebush (homologous serotype 
of Hond Utrecht IV); L. malaya, H-6; L. pyrogenes, Salinem; L. bangkinang, 
Bangkinang I; L. autumnalis A, Rachmat; L. pomona, Pomona; L. grippoty- 
phosa AB, RM-2; L. paidjan, Paidjan; L. bataviae, Van Tienen. Except for minor 
antigenic differences—the presence of low residual titers (144th of homologous 


titer or less) in cross-absorbed sera—five representative strains were essentially 
serologically identical to type-strains, L. mankarso, Mankarso; L. australis B, 
Zanoni; L. celledonit (Broom and Smith, 1956); L. australis A, Ballico; L. wolff 
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Cross-agzlutination reactions of leptospiral isolates showing serologic affinities 
with either the pyrogenes or javanica serogroup 





" rogenes avanica 
Serogroup ...cccceces tice ae ) 


Pattern of cross-reaction 1X X XI XH XI XIV XV XVli 
Number of strains ..... 13 l 8 1 2 6 2 





Homol- 
Antiserum ogous - ~ - oop : 
titer Ilyde Newman Abrahan biggs liampton| Whitcomb Keilly Cox 


Reciprocal of titer of representative strain 








*L. canicola 25600 400 - 100 100 ° 
L. schuffneri | 25600 - - 1600 - : 
L.. malaya 25600 100 - A0U - ‘ 
L,. ictero, AB 25600 - © - - 100 

. pyrogenes 25600 |25600 1600 6400 6400 - 

. alexi 6400 6400 1600 6400 1600 ° 
australis B 6400 6400 25600 6400 6400 - 

- javanica 25600 - - - 100 é 400 1600 


. celledoni 6400 - - - 6400 400 400 


ictero, A 25600 400 
naam 25600 e 
mankar so 25600 
. benjamin 25600 ° « 
- sarmin 25600 e « 
“ Abraham” 6400 6400 1600 
L. pot 25600 














* Screening antisera. No agglutination at 1:100 dilution (= —) against L, ballum, L. 
andaman, L, djatzi, L. byos, L. pomona, L. djasiman, L. sentot, L. autummalis, F ort 
Bragg, L. australis A, L. medanensis, L. wolffi A, *Worsfold”, L. semaranga, L. grippo- 
typhosa. 


ft Additional screening antisera employed to disclose further serologic relationships. 


A, H-7 (Alexander ef al., 1955), respectively. The antigenic characteristics of the 
remaining 15 strains studied were distinctly different from the type-strains listed 
by Wolff and Broom (1954) and from new serotypes that were recently disclosed 
in Malaya (Alexander ef al., 1955), Puerto Rico (Alexander ef al., to be pub- 
lished) and Australia (Smith et al., 1954). These 15 new serotypes were distrib- 
uted in the canicola (2), icterohemorrhagiae (2), pyrogenes (3), javanica (2), 
autumnalis (1), australis A (1), djasiman (1), and hebdomadis (3) serogroups. 

II. Serology. A total of 622 sera consisting of 230 paired or serial samples and 


seven single specimens from proved or suspected cases of leptospirosis were 
tested for the presence of leptospiral agglutinins according to the methods out- 
lined. The purpose of this study was twofold—to confirm the diagnosis in those 
cases that were considered leptospirosis on the basis of clinical impression or 
positive complement-fixation tests and to determine, if possible, the frequency of 
infection with various serogroup strains. For the latter purpose we were able to 
employ as a guideline the serologic response of those patients from whom lepto- 
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TABLE 3 


Cross-agglutination reactions of leptospiral isolates showing serologic affinities with 
either the autumnalis, pomona, australis A, grippotyphosa, or djasiman serogroup 





I er tere oa autumnalis lpomona| australis A | grippo. | djasiman 
Pattern of cross-reaction| XVII XVIL XIX Xx 123 XXII XXII XXIV 
Number of strains ..... 4 2 2 1 3 1 9 1 











Homol- 
Antiserum ogous 
titer Perret Crowe Mooreg Lamb|Pearce Fudge Williams} Gurung 


Reciprocal of titer of representative strain 








*L. autumn,, AB) 25600 | 25600 25600 6400] 1600 100 
L. sentot 25600 400 400 1600 400 1600 
L. pomona 6400 : - 1600} 25600 ° 
L. australis A 25600 ° ‘ ° mo - 
L. grippo. 25600 100 100 400 - 
L. djasiman 25600 100 6400 - - 


TL. autumn, A 25600 | 25600 25600 1600 
L. autumn., FB, 25600 6400 6400 25600 
L. bangkinang | 25600 {102400 25600 25600 100 
L. muenchen 25600 6400 64004 
L. grippo. AB 25600 25600 100 
L, cynopteri 25600 400 























*Screening antisera. No agglutination at 1:100 dilution (= —) against L. andaman, 
L, djatzi, L. byos, L. ballum, L. canicola, L. ictero., AB, L. pyrogenes, L. alexi, L, 
medanensis, L. javanica, L. australis B,L. wolffi A, L. malaya,L. schuffneri, “Worsfold”, 
L. semaranga, L. celledoni. 

t Additional screening antisera employed to disclose further serologic relationships. 


¢ Showed partial agglutination against L. muenchen up to 1:6400. 


spiral isolates were obtained and identified. Ninety-three such cases were repre- 
sented in this series. 

Leptospiral antibodies were detected in the convalescent sera from all patients 
in whom leptospires were revealed, with one exception. The demonstration of a 
rise in serum titer or the presence of significant high-titer agglutinins confirmed 
the diagnosis of leptospirosis in 130 other patients. In five patients, the evidence 
of recent infection was equivocal. No detectable agglutinins were observed in 
convalescent serum samples from nine patients. 

The limitations of classifying leptospiral infection on the basis of the patients’ 
serologic response were recognized. No attempt was made, therefore, to define 
infection by serotype, although in many cases the manifest serologic response 
provided strong presumptive evidence of infection with a particular serotype. In 
most cases, however, serotype designation could not be ascertained and, there- 
fore, the infecting organism when determined by the patient’s serologic response 
was designated by serogroup. 

In the 93 patients from whom leptospires were isolated and typed, the type 
of agglutinin response of each patient was closely compared to the antigenic 
characteristics of the infecting serotype within the limitations of the methods 
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TABLE 4 


Cross-agglutination reactions of leptospiral isolates showing serologic affinities 
utth either the hebdomadis or bataviae serogroup 





Dents. 6s ckanwee 


Pattern of cross-reaction 


Number of strains ..... 


XXV 
4 


hebdomadis 


XXVI 


XXVII 


2 1 


XXVIII 
z 


bataviae 
XXIX XXX 
ll l 





Antiserum 


Homole- 
ogous 
titer 


Reciprocal of titer of representative strain 





Marsh Worsfold Richard Jaiparsad 


Quigley Thang 





* L, medanensis 
L. wolffi A 
*Worsfold’ 

L. djatzi 
L, byos 


wol ffi 


L, 

L, saxkoebing 
L. bardjo 

L, horincano 
L, 

L. 


hbebdomadis 
sejroe 
* Buxton” 


* Jaiparsad” 


6400 
6400 
6400 
25600 
25600 


102400 
25600 
25600 
25600 
25600 
25600 
25600 

102400 


400 
6400 
1600 


100 400 
100 400 
6400 100 


25600 
6400 
400 


102400 
1600 
6400 
1600 

100 
1600 
6400 

102400 


25600 
25600 


102400 
1600 


25600 
25600 


L, bataviae 
L. Paidjan 














*Screening antisera. No agglutination at 1:100 dilution (= —) against L. andaman, 
L, ballum, L. canicola, L. ictero, AB, L. pyrogenes, L. alexi, L. autumnalis AB, L. 
sentot, L, pomona, L, australis A, L. grippotyphosa, L. djasiman, L. javanica, L, 
australis B, L. malaya, L. schuffneri, L. semaranga, L. celledoni. 


TAdditional screening antisera employed to disclose further serologic relationships. 


employed. The serologic reactions of 64 patients (69 per cent) were consistent 
with the antigenic characteristics of the isolated leptospires. Nineteen (20 per 
cent) of the patients showed predominant titers against homologous or other re- 
lated serogroup members but also displayed lower-order cross-agglutinins against 
strains that are, as far as we know, unrelated antigenically to the infecting sero- 
type. For example, agglutinins against hebdomadis serotypes were observed in 
some of the patients infected with bataviae, canicola, pyrogenes, javanica and 
autumnalis serotypes. Ten of the patients were multiple reactors to the same titer 
against antigenically unrelated serogroup strains or showed predominant ag- 
glutinins against strains antigenically dissimilar to the infecting serotype. Thus 
in 10.8 per cent of the patients in this series, the designation of the infecting 
strain, even by serogroup, was not possible. These inconsistent multiple reactions 
were not restricted to infections with any particular serogroup member. 

The qualitative and quantitative distribution of agglutinin titers in serial or 
single serum samples from 135 patients in whom confirmation of the diagnosis 
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TABLE 5 | 


Summary of results of agglutinin-absorption studies on Malayan leptwospires 





Serogroup Strain Strains employed in reciprocal] Serotype Designation of 


designation} studied agglutinin-absorption tests* | identification] new serotypes 





schuffneri | Bishop schuffneri 





canicola Jones ‘ x New serotype} jomsis 


Sumner 


,47,8,9,10,11, 19, 22,26 | New Serotype] sumneri 


4, 6, 8,9 malaya 
icteroheme | Smith 8, 10, hi, 12, 3, a New serotype] smithii 


orrhagiae Penny SG, 26, il, iz, 13, 84 EF mankarso 


1 
l 
Muniandy 3 9 canicola 
12 
F 


Ww 
_Watson 








Birkin 1G. £1. 82. 14, 17 New serotype] birkini 
pyrogenes | Hyde 18, 19, 20 p yrogenes 
Newman 5a, 29. 20, 25, 23, 
Abraham 18, 19, 20, 21, 22, 
Biggs 18, 19, 20, 21, 22, 





australis B 


, ae 
24 New serotype| abramis 
25 


3, 
3, 
Hampton 18,19,20,21,22,24,25,29, 31 New serotype| bamptoni 


New serotype] biggis 





javanica Whitcomb 29, 30 New serotype] celledoni Il 
Reilly 29, 31 celledoni 
Cox 27, 28 New serotype 
autumnalis | Perret 32, Say Bey DP Ot bangkinang 
Crowe 32, 33, 34, 35, 36, 38, 46 autumnalis A 


Moores 32, 33, 34, 35, 37 New serotype] mooris 








pomona Lamb 38, 39, 40, 41 pomona 





australis A} Pearce 42, 43 australis A 
Fudge 42, 43 New serotype 
grippo- Williams 44, 45 grippo, AB 
typhosa 








djasiman Gurung 46, 47 New serotype] gurungi 
hebdomadis!} Marsh 48, 49,50,51,52,53,54,57,58,59| New serotype} bemolyticus tT 
Worsfold 48, 50, 51, 53, 54, 56 New serotype] worsfoldi 
Richardson} 48, 50, 52, 53, 54, 56, 59 New serotype] ricardi 
Jaiparsad | 48,49,50,51,52,54,55,56,58 wolffi A 
bataviae Quigley 60, G1, 62, 63 paidjan | 

















Thanga. | 60, 61, 62, 64 bataviae 








*Code: l+L. schuffneri, 90-C; 2-L. canicola, Utrecht; 3-L. canicola, Ruebush; 4- 
*Jones”; 5-* Meninndy” : 6." Sumner”; 7-"Watson”; 8-L, mailaya, H-6; 9-L, benjamin, 
Benj.; 10- L. ictero, AB, Wijnberg; 11-L, ictero, A, Kant.; 12-L, mankarso, Mank,: 13- 
L. mankarso, H-5; 14-L. naam, Naam; 15-*Penny”; 1G6-* Birkin”; 17-*Smith®; 18-L 
pyrogenes, Salin.; 19-L, australis B, Zan.; 20-L, alexi. HS-616; 21-" Robinson” ; 22- 
“Newman’: 23-? Hampton”: 24-* Biggs”; 25-"Abraham”; 26-L, sarmin, Sarm.; 27- c 
javanica, RB-46, 28-L, poi, Poi; 29-L. celledoni, Cell.; 30-*Reilly”; 31-"Whitcomb’; 
32-L. autumnalis AB, Aki. A; 33-L. autumnalis, Fort Bragg: 34-L, autumnalis A, 
Rach.; 35-L. bangkinang, Bank. 1; 36-“Perret”; 37-*Crowe”; 38-*Moores”; 39-L, 
pomona, Pom.; 40-L. pomona, S-91; 41-L. pomona, V-42; 42- L. australis A, Ballico: 
43eL. muenchen, C-90; 44-L, ee Mosc, Vs 45eL, eri potyphosa AB, RM-2; 
46-L, djasiman, Djas.: 47-L. sentoti, Sent.; 48-L, borincano, HS-622; 49-L, modencusis, 
HC; 50-L, wolffi, 37 03; S5l-L. wolffi A H.7; 52-L. hardjo, Hardjo.; 53-L, saxkoebing, 
Me24: 54-*Swatizak” ; S5-L. sejroe, Mallers.; 5Ge"Marsh”; 57-" Worsfold”; 58-"Richardson’; 
59-"Jaiparsad” 5; 606-L.. bataviae, VT; G61-L, paidjan, Paidj.; 62-L, djatzi, HS-26; 63- 

*Thangavalu’; 64-*Quigley’. 
T Hemolytic characteristics of this strain are described by Alexander et al., 1956, 
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TABLE 6 


Distribution of human leptospirosis cases in Malaya by serogroup 





Basis of identification 





Serogroup Culture typing Patients’ serology Total 





No. Per cent No. Per cent No. Per cent 





pyrogenes 22.7 15 40 16,3 
hebdomadis : 12.7 24 15.5 
canicola*® 
autumnalis 
bataviae 
gtippotyphosa 
australis A 
javanica 
icterohemorrhagiae 
djasiman 

pomona 


undetermined 23 


negative serology (9)4 











Total 110f 135 





*Canicola group extended to include L. schuffneri and L. malaya. 
Tf One patient with a repeated infection is represented twice. 


Patients with negative serology not included in totals. 


was provided solely by serologic tests was similarly examined to determine the 
serogroup infecting strain. The classification of these infections was based on the 
presence of predominant agglutinins against particular serotypes as well as on 
patterns of cross-agglutination. In addition, the agglutinin response of these pa- 
tients was compared to that of other patients in whom the infection was defini- 
tively identified. Infection by serogroup was thus designated for 112 patients. 
Serogroup definition of infection was not possible in the remaining 23 patients 
(17 per cent) because of the presence in sera of multiple agglutinins, of the same 
order, against antigenically unrelated strains. The serologic cross-reactive pattern 
of 61.5 per cent of the 135 patients was consistent with the serogroup designations 
whereas 21.5 per cent of these patients showed lower cross-agglutinin titers 
against apparently antigenically diverse serogroup members. These percentages 
are similar to those observed in the series of 93 patients. In view of the observed 
serologic test results in patients with known serotype infections, it is reasonable 
to conclude that the designation of infecting serogroup was accurate in 90 per 
cent of the cases. 
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Fig. 1 
tients. Serotypes are coded by 
australis B, D-* 


C-L. 


. Map of section of Malaya showing loci of various serotype infections in 81 pa- 
Arabic letters as follows: A-‘‘Abraham’’, B-L. australis A, 
‘Cox’’, G-‘‘Whitcomb’’, H-L. celledoni, 


Biggs’’, E-L. bangkinang, F-‘ 


I-‘‘Gurung’’, J-“ 


Fudge 


”, K-L. 


grippotyphosa AB, L- 


‘“Marsh’’, M-‘ 


O-‘‘Moores’’, P-L. 


malaya, 


Q-L 


mankarso, 


V-L. 


autumnalis A, 


W-‘ 


R-L. paidjan, 
‘Sumner’’, X-‘ 


‘Smith’ 


S-L. pyrogenes, 


’, Y-L. 


‘Hampton”’, 


N-‘‘Jones’’, 
T-L. 


pomona, 


schuffneri, 


Z-L. 


U-“‘Richardson’’, 
wolffi A. 
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The distribution of leptospiral serogroup strains in cases of leptospirosis 
affirmed by culture identification and serologic tests is shown in Table 6. It is 
worthy of note that the infections are broadly distributed among multiple sero- 
groups and that no marked predominance of infection with members of any sero- 
group prevailed. The most frequently occurring type of infection—the pyrogenes 
serogroup—represents only 16.3 per cent of the total number of cases. 

III. Geographic Distribution of Serotypes. All but 11 of the isolates studied were 
derived from British soldiers who, in all probability, were exposed to leptospirosis 
for the first time. In nearly all instances these infections were contracted during 
the course of military operations in jungle areas, chiefly in the States of Pahang, 
Selangor, and Negri Sembilan. McCrumb ef al. (1957) noted differences in the 
attack rate in the various jungle endemic foci of infection. These differences could 
not be related to seasonal factors. Other factors, such as flora, fauna, and nature 
of terrain, that may have contributed to the relative endemicity of specific areas 
were not determined. 

Based on information elicited from patients with respect to their activities in 
jungle areas during a probable incubation period of 4 to 19 days (Schiiffner, 
1934), prior to the onset of the disease, the geographic source of infection with 81 
of the 110 leptospiral isolates could be established with considerable assurance. 
The geographic distribution of these 81 strains which comprise 26 different sero- 
types is shown in Figure 1. The marked multiplicity of serotypes within limited 
areas is particularly striking. No uniform pattern of serotype distribution is 
revealed by the presented data shown in Figure 1. An examination of the oc- 
currence of serotypes in the various areas by monthly intervals, similarly, dis- 
closed no regular pattern of distribution. It is significant that in repeated in- 
stances, individuals of the same patrol, presumably exposed to the same focus 
of infection, contracted infections with different serotypes. 


DISCUSSION 


These studies have disclosed the presence of 30 different pathogenic serotypes 
in a relatively small section of the Federation of Malaya. One area, alone, near 
Bentong, encompassing approximately 625 square miles (Figure 1), served as 
the reservoir of infection for at least twenty diverse serotypes. This remarkable 
multiplicity of strains poses complex problems in the serologic diagnosis of lepto- 
spirosis in Malaya. In order to ensure detection of agglutinins in cases of lepto- 
spirosis, it was necessary in this study to employ a considerable number of test 


antigens in micro-agglutination tests. Even under these optimal test conditions, 
the complex and “‘atypical’’ cross-agglutination reactions made the identification 
of the infecting leptospire by serogroup, let alone serotype, difficult. 

The determination of infecting serotype on the basis of agglutination tests on 
patients’ sera is subject to several limitations. The causal organism may not be 
included among the screening test antigens, consequently the agglutinins may 
reflect cross-reactions against related serotypes. In some instances the infection 
may have been incited by a strain that intergrades in antigenic complexity with 
diversely related types. In addition, nonspecific titers against “unrelated” sero- 
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types that may exceed the homologous titer—the so-called “paradoxical reac- 
tion’”’—have occasionally been noted in cases of leptospirosis (Fiihner, 1951), 
particularly during the first month following onset: of disease. Finally, sequential 
infections or simultaneous infections with multiple serotypes may further con- 
tribute to complex and confusing serologic responses. In an area of multiple 
leptospirosis such as Malaya, these limitations are particularly noteworthy. 

The elaborate micro-agglutination tests necessary to demonstrate leptospiral 
agglutinins in infections in Malaya limit their usefulness as a routine diagnostic 
serologic procedure. Obviously, in an area such as Malaya, the need for a simple 
serologic diagnostic procedure is particularly critical. To meet this need, Mc- 
Crumb ef al. (1957) employed a modified complement-fixation test procedure of 
Randall et al. (1949). Laboratory confirmation of clinical diagnosis was afforded 
in approximately 90 per cent of the cases. More recently these serum samples 
were employed to evaluate a ‘conditioned hemolysis” (Neter, 1956) procedure of 
Cox (1955)—a test employing an antigen, chemically extracted from L. biflexa 
and associated with a generic entity. Ninety-nine per cent of approximately 200 
vases, irrespective of the infecting serotype, was conclusively verified by this 
technique. The results of these studies will be presented separately (Cox ef al., 
to be published). 

Although micro-agglutination tests detected agglutinins in sera in all cases, 
with one exception, in which the diagnosis of leptospirosis was proved by cul- 
tural procedures, it is important to note that the screening antigens that made 
this possible were selected in retrospect, after a considerable number of isolates 
had been typed. Notwithstanding the assiduous employment of multiple test 
antigens in this study, agglutinins could not be detected in convalescent serum 
samples obtained in nine cases diagnosed as leptospirosis on the basis of clinical 
impression and/or positive complement-fixation tests. The failure to detect ag- 
glutinins in some of the suspect patients may reflect infection with other hitherto 
unrecognized antigenic types of leptospires. These observations emphasize the 
importance of obtaining leptospiral isolates for laboratory confirmation of infec- 


tion and for subsequent identification of strains. In this study cultural recovery 


of 110 leptospires led to the demonstration of 15 new antigenic types. 

Problems posed by the classification of some of these new antigenic strains as 
well as serologic and epidemiologic observations during the course of this study 
drew attention to important limitations in current methods for classifying lepto- 
spires. The pathogenic leptospires are indistinguishable morphologically, cul- 
turally and on the basis of biochemical activity; however, they exhibit distinct 
antigenic characteristics disclosed by agglutination techniques that provide the 
basis for their taxonomic differentiation (Wolff and Broom, 1954). Since there is 
no valid basis for speciating strains and since classification is based upon serology, 
the term “serotype” is employed to designate distinct antigenic strains; however, 
the conventional binomial nomenclature is still retained as a convenient expedient 
(Wolff and Broom, 1954). 

In 1953 and 1954, Wolff and Wolff and Broom (1954) reviewed the antigenic 
characteristics of all distinct strains recognized at that time and proposed criteria 
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to simplify the classification of pathogenic leptospires. This important scheme 
was offered as a provisional taxonomic framework and the authors recognized 
that proposed criteria might be amended in the light of new information. In 
this taxonomic system, a serotype by definition, includes all strains indistinguish- 
able one from the other on the basis of cross-agglutinin-absorption procedures. 
Two strains are considered heterologous serotypes if the antiserum (prepared in 
rabbits) of each strain, following absorption by the other strain retains at least 10 
per cent of the homologous titer. Similarly, two strains are considered homologous 
serotypes if residual titers following absorption are less than 10 per cent of the 
original titers. Serotypes showing marked similarities in their antigenic char- 
acteristics on the basis of cross-agglutination reaction patterns are arbitrarily 
assembled into ‘“‘serogroups.’’ Within the serogroup, in addition to heterologous 
serotypes, subtypes—‘‘incomplete” and “complete” biotypes designated by the 
antigenic symbols A and AB respectively—are recognized. Wolff and Broom 
(1954) listed 34 recognized serotypes which were assembled into 20 serogroups. 
Since the publication of this classification scheme the increasing disclosure of 
new serotypes in this and other reports has virtually doubled the number of 
antigenic types. 

Perhaps the most important drawback of the current methods in leptospiral 
classification is the absence of pure culture techniques—the inability to promote 
the formation of colonies on current culture media. Other workers were concerned 
with the problem of purity of leptospiral cultures—of obvious fundamental im- 
portance in any taxonomic scheme—and they investigated the compatibility of 
mixed cultures in experimental infections and in vitro. Mochtar (1939) noted that 
only one strain provoked infection and elicited specific agglutinins in guinea pigs 
which were simultaneously challenged with two different antigenic types; how- 
ever, when a guinea pig, chronically shedding one strain of leptospires in its urine 
was superinfected with a different, more virulent strain, both of these leptospires 
could be isolated from the kidney. After three to five days of incubation, Mochtar 
(1939) reported that only one strain of a mixture of two cultures manifested its 
presence in agglutination tests. Addamiano and Babudieri (1955) similarly ob- 
served the ascendancy of one strain over the other in a mixture of cultures; how- 
ever, by subculturing into media containing the respective homologous antisera, 
and by immunization procedures they could still demonstrate the presence of 
both strains, in some instances, up to the fifth subculture, after which they ap- 
parently attained a “pure culture” of the predominant strain. Presumably the 
differential rate of growth of the mixed strains resulted in the diluting out of the 
slower growing serotype by repeated subcultures, under the conditions of their 
experiment. 

The aforegoing observations were concerned with theoretical considerations; 
however, recent investigations have provided tangible evidence of simultaneous, 
naturally occurring mixed infections. In an investigation of Puerto Rican lepto- 
spirosis conducted by this laboratory in 1951-1952, different serotypes (e.g., L. 
icterohemorrhagiae and L. djatzi) were identified in repeated cultures isolated 
during the acute phase of disease from four patients (Benenson ef al., to be pub- 
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lished). In addition, L. ballumand L. icterohemorrhagiae were separated from a 
culture obtained from a Norway rat kidney through passive protection procedures 
in hamsters (Alexander, A. D., unpublished data). More recently, Wiesmann 
(1956) separated L. hyos and L. pomona from a culture isolated from human 
blood, and a simultaneous infection with L. hyos and “Swajizak” was demon- 
strated by Smith and Doherty (1956). 

In view of the marked profusion of serotypes in Malaya, in many instances in 
the same focus of infection, there is a considerable likelihood that many of the 
patients were infected with more than one serotype. The relatively frequent oc- 
currence of inconsistent serologic reactions affords contributory evidence of mul- 
tiple infections. Thus it is quite possible that some of the strains classified in this 
study may be mixed cultures. In this regard it is noteworthy that one of the 
strains studied (patient Puckett) was identified as a member of the canicola group 
(L. jonsis) whereas Dr. J. C. Broom (personal communication) identified a 
duplicate subculture of this strain, that was submitted to him, as a member of 
the hebdomadis group. These findings were not incompatible since significant 
high titer agglutinins (1:1600) in the patient’s convalescent serum against both 
canicola and hebdomadis serogroup members provided strong evidence of a 
naturally occurring mixed infection. Apparently the media employed in these 
two laboratories favored the predominance of the respective strains. 

We do not agree with Addamiano and Babudieri’s (1955) contention that re- 
peated transfers in vitro guarantee the purity of a culture. Their observations were 
based on a limited number of strains. In addition, the transfer of a mixed culture 
into a different medium or a different preparation of the same medium may 
favor the growth of the “‘latent”’ strain. In the aforementioned mixed culture iso- 
lated from a rat, successive subcultures shifted in their antigenic characteristics 
from L. ballum to L. icterohemorrhagiae. “Discontinuous antigenic variations” 
have been sporadically observed in various laboratories but were attributed in 
most instances to ‘“‘accidental contamination” or to “spontaneous mutation” 
(Wolff and Broom, 1954; Wiesmann, 1952). It is not unlikely that some of these 
original cultures were comprised of more than one strain. Indeed, we would not 
be surprised if some of the cultures in this study subsequently exhibit so-called 
“mutagenic” changes. 

There are obvious limitations in the current classification scheme that are 
attributable to several variable factors inherent in the basic serologic techniques. 
The utilization of live nonstandardized antigens may affect the consistent ‘“‘quan- 
titative’ reproducibility of serologic tests (Stoenner, 1955). The degree of reac- 
tion will be affected by the age and concentration of leptospires in the antigen 
suspension and by the “sensitivity” of the particular strain employed as antigen 
(Borg-Petersen and Fagraes, 1949; Stoenner, 1955). Formalin-treated antigens 
generally are not as stable and are less specific than live antigens (Wolff, 1954). 
In addition, laboratories differ in their interpretation of the ‘‘end-titer’”’ reaction, 
in their dilution scheme employed, and in their conduct of agglutinin-absorption 
procedures. These variable factors may have a considerable bearing on the level 
of residual titers observed in cross-agglutinin-absorption tests and constitute a 
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serious objection to the employment of an arbitrary numerical standard, such as 
Wolff and Broom (1954) propose, for the designation of serotypes. 

The same numerical criteria must necessarily apply to the consideration of in- 
complete and complete biotypes. There can be no rationale for a more limiting 
circumscription and consequently a wider recognition of subtypes, while serotypes 
are broadly and more inclusively defined. The application of Wolff and Broom’s 
criteria (with aforementioned modifications to conform to our dilution scheme) 
to agglutinin-absorption data obtained in the study of Malayan strain ‘“Jaipar- 
sad”’ disclosed paradoxical interrelationships among this strain, L. wolffi, 3705 
and L. wolffi A, H-7. Thus, as shown in Table 7, strain Jaiparsad is a homologous 
serotype of L. wolffi A, which in turn is an incomplete biotype of L. wolffi, 3705; 
but incompatible with these relationships, strain Jaiparsad is a complete biotype 
of L. wolffi, 3705. Similar incongruous interrelationships attributable to current 
classification definitions were encountered in an antigenic analysis of various 
strains of L. pomona (Alexander et al., 1957). 

Notwithstanding these’ limitations, the criteria of Wolff and Broom (1954) for 
the definition of serotype cannot be discarded since the low yield of leptospires 
from cultures prohibits any comprehensive antigenic factor analysis as an alter- 
native basis for classification. Obviously, some arbitrary limit must be applied 


TABLE 7 


Cross-agglutinin-absorption tests on strains 


Jaiparsad, L. wolffi, 3705 and L. wolffi A, [1-7 





Reciprocal of titer 


Antiserum against antigen 





Against Absorbed with Jaiparsad 





unabsorbed 25600 


3507 - 
L. wolffi, : 
3705 Jaiparsad 


H-7 





unabsorbed 
3705 
Jaiparsad Jaiparsad 


H-7 





unabsorbed 
3705 

L. wolffi A, : 
He7 Jaiparsad 


H-7 

















* Negative reaction at 1:100 dilution 
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to avoid the incorporation in a taxonomic scheme of profuse numbers of strains 
that may show minor and questionable antigenic differences with type strains. 
This is particularly true today, in view of the continuous disclosures of numerous 
new serotypes. Unless minor antigenic differences can be related to epidemiologic, 
virulent or immunologic factors, the recognition of ‘‘antigenic variants” serves 
no useful purpose under our current concepts of leptospirosis and can only lead 
to more confusion. These strains should, however, be maintained in the culture 
collection of leptospirosis reference laboratories for possible future investigations. 

Some of the inconsistent relationships disclosed under current classification 
criteria can be circumvented by discarding “subtype” as a valid taxon in the 
current classification scheme. This is particularly justified in view of the paucity 
of basic information on the nature of agglutinating antigens. We propose, there- 
fore, that criteria for the recognition of subtypes—incomplete and complete 
biotypes—be discarded and that strains currently so designated be assigned sero- 
type status. In keeping with this, we do not think that the use of Arabic letters 
as antigenic symbols in taxonomic nomenclature is proper in the absence of more 
definitive data on antigenic factors. In addition, the employment of these same 
letters to distinguish heterologous serotypes isolated in a particular country 
(e.g., L. australis A and L. australis B) has led to considerable confusion in strain 
recognition. To simplify the recognition of closely related serotypes within the 
same serogroup, it is suggested that heterologous serotypes that cannot be dis- 
tinguished on the basis of cross-agglutination reactions or serotypes hitherto 
classified as complete and incomplete biotypes be designated by the same appella- 
tion, but differentiated by the use of Roman numerals appended to the serotype 
designation. The replicate use of eponyms should be restricted for this purpose 
only. We, therefore, propose that the following recognized serotypes (Wolff and 
Broom, 1954) and serotypes previously reported from this laboratory (Alexander 
et al., 1954; 1955; 1957) be redesignated as follows: 


Current Serotype Designation 
icterohemorrhagiae AB 
icterohemorrhagiae A 
australis B 
australis A 
autumnalis, Fort Bragg 
autumnalis AB 
autumnalis A 
grippotyphosa AB 
grippotyphosa 
Wolffi 
Wolffi A 
pomona, CB 
pomona 
pomona, 8-91 
pomona, C-164 


Proposed Designation 
icterohemorrhagiae I 
icterohemorrhagiae II 
zanont 
ballico 
autumnalis I 
autumnalis IT 
autumnalis IIT 
grippotyphosa I 
grippotyphosa IT 
wolffi I 
wolfii II 
pomona I 
pomona IT 
pomona IIT 
pomona IV 


Type Strain 
M-20 
RGA 
Zanoni 
Ballico 
Fort Bragg 
Akiyami A 
Rachmat 
RM-2 
Moscow V 
3705 
H-7 
C-B 
Pomona 
8-91 
C-164 


The designation of new serotypes in this study has been based upon the sug- 
gested modifications of the Wolff-Broom scheme and is shown in Table 5. We 
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wish to note, however, that the Malayan strains were not compared against 
several recently proposed new serotype members of the icterohemorrhagiae 
(L. ndambari), canicola (L. kamituga, L. bafani), and hebdomadis (L. kabura, 
L. mini AB, L. mini A) serogroups (Van Riel e¢ al., 1956, Babudieri, 1956). These 
serotypes were not included in this study because of their uncertain status or be- 
cause they were not in our stock culture collection. 

Some of the Malayan strains could be related to one or more serogroups on the 
basis of cross-agglutination reactions (Table 1). The serogroup classification of 
strains could, to a certain extent, be simplified by combining some of the sero- 
groups similarly to Borg-Petersen’s (1944) extension of the hebdomadis group. 
For example, from our own observations in this and previous studies (Alexander 
et al., 1955) (and incidentally, on the basis of Wolff and Broom’s presented data on 
strain cross-reactions) L. schuffneri, L. benjamin, as well as L. malaya, could con- 
veniently be included in the canicola serogroup. However, in most instances the 
extension of serogroups cannot exclude the incorporation of some strains with 
diverse antigenic affinities. Alternatively, it is difficult to establish discrete bor- 
derlines between many of the serogroups because of the intergrading, complex 
antigenic makeup of strains. 

The problem of serogroup classification is further complicated because of 
variable factors that provide the basis for differentiation—the cross-agglutination 
reactions of rabbit antisera. Qualitative and ‘‘quantitative’’ differences in anti- 
body response of rabbits to a particular serotype may be demonstrated by differ- 
ent modes of immunization. In addition, these differences may reflect individual 
variations in the rabbit’s response to the same immunizing regimen (Van Riel, 
1946). We have found it necessary to employ specific rabbit antisera in the pre- 
liminary cross-agglutination screening of strains in order to obtain comparable 
and uniform results. This particular problem will be resolved through current 
international efforts to standardize serotype antisera. 

Notwithstanding the manifold limitations noted in this paper, and other limi- 
tations related to the classification of ‘‘nonpathogenic”’ leptospires, the current 
classification scheme has provided a valuable implement for the study of lepto- 
spirosis. It is noteworthy that extensive cross-agglutination and agglutinin- 
absorption studies conducted in this laboratory over a period of years have bas- 
ically substantiated the taxonomic interrelationship of strains shown by Wolff 
and Broom (1954). In only three of scores of agglutinin-absorption studies have 
results been noted that differ from those presented by these authors, and indeed 
these differences were trivial (Alexander et al., 1954; 1955; to be published). The 
fact that replicate results were achieved with serologic and agglutinin-absorption 
techniques that vary considerably from those used by Dutch and other investi- 
gators bears striking evidence of the validity of basic tenets of the classification 
scheme under our current concepts of leptospires. 


SUMMARY 


Serologic studies on cases of leptospirosis, that were observed in outbreaks 
among British security forces or sporadically among military and civilian per- 
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sonnel in Malaya from the end of 1953 through 1955, are reported. Paired or 
serial serum samples from 230 and single serum samples from seven proved or 
suspected cases of this disease were tested for the presence of agglutinins against 
17 to 25 diverse serotype antigens. Significant titers were demonstrated in all but 
nine cases. In addition, leptospiral isolates from 93 of the above patients and 17 
isolates from additional patients were identified through cross-agglutination and 
agglutinin-absorption tests. These studies disclosed the presence of jungle foci of 
infection with multiple leptospiral serotypes. The identity of the infecting strain 
by serotype or serogroup could be established either by cultural identification or 
serologic tests for 222 of 245 cases. In the remaining 23 cases, heterologous rises 
in titers, of the same order, against multiple serotypes precluded identification. 
A considerable proportion of patients showed agglutinins against heterologous 
“unrelated” serotypes. In many instances this may reflect simultaneous infections 
with multiple serotypes. 

Specific limitations in the current scheme (Wolff and Broom, 1954) for classify- 
ing pathogenic leptospires pertinent to this study were noted, and modifications 
related to the recognition of ‘“‘serotypes”’ 
proposed. 

The antigenic analysis of 110 leptospiral isolates disclosed the presence of 30 
distinct serotypes. On the basis of modified criteria of the Wolff-Broom scheme 
15 serotypes were identified as follows: Leptospira schuffneri (7 strains), L. 
canicola (2 strains), L. malaya (1 strain), L. mankarso (4 strains), L. pyrogenes 
(13 strains), L. australis B (2 strains), L. celledoni (6 strains), L. bangkinang 
(4 strains), L. autumnalis A (2 strains), L. pomona (1 strain), L. australis A (3 
strains), L. grippotyphosa AB (9 strains), L. paidjan (11 strains), L. bataviae (1 
strain) and L. wolffi A (7 strains). The antigenic characteristics of the remaining 
15 serotypes have not hitherto been described and were designated and classified 
into the following serogroups: Canicola group—L. jonsis (7 strains), L. sumneri 
(1 strain) ; icterohemorrhagiae group—L. smithii (3 strains), L. birkini (1 strain); 
pyrogenes group—L. abramis (1 strain), L. biggis (8 strains), L. hamptoni (1 
strain); javanica group—L. celledoni II (2 strains), L. coxus (2 strains); autum- 
nalis group—L. mooris (2 strains); australis A group—L. fugis (1 strain); 
djasiman group—L. gurungi (1 strain); hebdomadis group—L. hemolyticus (4 
strains), L. worsfoldi (2 strains), L. ricardi (1 strain). 


and to the designation of serotypes were 
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According to Stoll’s estimate, there are 355 million persons infected with 
Trichuris trichiura in the world. In North, Central and South America, approxi- 
mately 38 million people harbor this parasitic nematode (Stoll, 1947). Heavy 
infections with whipworm represent an important clinical problem in children in 
endemic areas. The presence of a large worm burden may be associated etiologi- 
cally with diarrhea of long duration, dysentery, mucoid stools containing numer- 
ous Charcot-Leyden crystals, dehydration, colitis, abdominal pain, severe ane- 
mia, weight loss and weakness. In some cases prolapse of the rectum occurs. 


Adult worms may be observed on the prolapsed bowel or by sigmoidoscopy. 


Light whipworm infections usually do not cause clinical manifestations. How- 
ever, persons with small worm burdens may provide a source of infection for 
others or of reinfection of themselves. 

Although retention enemas with hexylresorcinol are beneficial for the treat- 
ment of patients with clinical whipworm infections, this method of therapy 
usually requires hospitalization and is attended by some hazard. It is neither 
practicable for general use in areas where trichuriasis is heavily endemic nor 
desirable for the treatment of persons with light worm burdens. Leche de higueron 
is unstable and not available in many areas where trichuriasis occurs. The anthel- 
mintic efficiency of leche de higueron against whipworms is not high. There is an 
urgent need for a stable, highly effective trichuricide which can be made generally 
available. The drug should be suitable for oral administration, well tolerated, 
and without hazard to the patient. A search for an anthelmintic which would 
meet these desirable criteria was conducted as part of a project consisting of 
basic biochemical and metabolic studies of intestinal nematodes and applied 
therapeutic investigations of the helminthiases which they produce. McCowen 
(1957) observed that 3-3’diethylthiadicarbocyanine iodide had anthelmintic 
activity in dogs against ascarids, hookworm and Trichuris vulpis. Application of 
this information to infections by analogous parasites of man has resulted in a 
significant development in the chemotherapy of Trichuris trichiura infection, 
which is presented in the following material. 


! This investigation was supported in part by research grant E-543(C3) from the National 
Institute of Allergy and Infectious Diseases, of the National Institutes of Health, Public 
Health Service. 

The drug employed in this study, dithiazanine (compound 01748), was provided by Eli 
Lilly and Co. 
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METHODS 


Thirty-three of 40 patients in a ward of an institution for retarded individuals 
were found to be infected with Trichuris trichiura. None of the infections was 
symptomatic. Dithiazanine (3-3'diethylthiadicarbocyanine iodide) was given to 
all 40 patients. Stools were obtained on the third and seventh days after the 
initiation of treatment to detect any prompt therapeutic response. Two addi- 
tional stools were collected approximately one and three months ufter treatment. 
The fecal specimens were preserved in formalin immediately after collection. The 
formalin-ether centrifugal concentration technic was performed on all stool 
specimens which were obtained prior to or after therapy. Egg counts were not 
done in this preliminary study. 

Two dosage schedules were employed. Sixteen patients with trichiuriasis 
received 200 mg. of the drug three times a day for 5 days (total daily dose of 
600 mg.). Seventeen infected patients received 200 mg. twice daily for 5 days 
(total daily dose of 400 mg.). Patients whose weight was less than 90 pounds 
received half of the above dosages. The medication was administered in 100 mg. 
CAP-coated tablets designed to delay release of the drug until after passage 
through the stomach. The patients were observed for signs of intolerance to the 
drug. 

RESULTS 


There was prompt loss of infection in a number of the patients during treat- 
ment. No eggs of Trichuris trichiura could be detected in concentrates of stools 
collected one month after treatment in 14 of the 16 persons who received a total 
daily dosage of 600 mg. of the drug and in 12 of 17 patients who received a total 


daily dosage of 400 mg. of the same compound. The eggs became extremely 


sparse in the stools of treated patients whose infections had not been eliminated 
completely. The percentages of patients free of trichuriasis following therapy with 
dithiazanine in dosage schedules of 600 mg. and 400 mg. daily for five days were 
87.5 and 71, respectively (Table 1). Results of examination of stools collected 
three months after treatment confirmed the evidence of therapeutic efficacy 
observed one month after treatment. 


No significant signs or symptoms of intolerance of the drug were detected in 


TABLE 1 


Evaluation of dithiazanine as a therapeutic for trichuriasis 


Stools positive for 7. trichiura eggs 
io >» 7¢e 2e 
Ne. of wetionts Percentage free of 
treated infection one month 
after treatment 


Adult dosage T'wo days after One month 
completion of after 
treatment treatment 


After 3 days 
treatment 


200 mg. ¢.7.d. for ) 10 
5 days 
200 mg. 6.7.d. for 


5 days 


* Patients less than 90 lbs. received one-half the adult dosage. 








Fig. 1. Adult whipworms, Trichuris trichiura, collected from stools of a patient during 


treatment with dithiazanine 


the 40 patients who received the coated tablets. When the compound was admin- 


istered in gelatin capsules prior to the present study, nausea and vomiting 
occurred. The medication imparted a vivid blue color to the stools. This served 
as a check on the release of the dye from the tablets and on the proper adminis- 
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tration of the drug. Urinalyses, hemograms, BUN, and liver function studies on 
several other patients treated with this anthelmintic have revealed no significant 
changes related to therapy. 

Studies by Swartzwelder, Miller, Sappenfield, Frye and Coco (unpublished 
data) on the therapy of patients with severe whipworm infections and large 


worm burdens quantitated by Stoll egg counts, indicate that clinical and para- 
sitic cure of such cases can be achieved by the oral administration of adequate 
dosage of this trichuricide. The dysentery terminated after a few days of treat- 
ment with 3-3’diethylthiadicarbocyanine iodide. Whipworms were passed in 
large numbers after only one day of treatment and continued to be expelled 
during the course of therapy (Fig. 1). The adult trichurids were flaccid and 
appeared to be dead upon passage in the stool during therapy. Rinsing in dis- 
tilled water or saline and incubation at 37°C. failed to induce a return of motility 
of the worms. 

The above workers also obtained elimination of Ascaris lumbricoides and T. 
trichiura from patients infected with both helminths. The observation that this 
compound is active against these two species of nematodes is significant since 
they coexist frequently in the same host. Mature and immature ascarids were 
passed during the course of therapy with this new anthelmintic. The worms 
were stained a light green-blue color. They were flaccid and nonmotile. The limp 
state disappeared and motility returned after rinsing the worms in water and 
incubating them at 37°C. Thus the effect of the drug on motility was reversible 
for ascarids but permanent for trichurids. 


SUMMARY 


Whipworm infections were completely eliminated in 87.5 per cent of patients 
who were treated orally with a dosage schedule of 200 mg. of dithiazanine three 
times a day for five days. The cure rate was 71 per cent when a dosage schedule 
of 200 mg. twice daily was employed. The anthelmintic spectrum of this drug 
also includes activity against Ascaris lumbricoides. The results of this study 
indicate that this compound is a very effective trichuricide which is suitable for 
oral administration. 
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The high incidence of helminthic infections throughout the world has been 
estimated by Stoll (1947), and more recently the importance of helminthic 
diseases in the United States has been reported by Birch and Anast (1957). The 
therapy of helminthic diseases has recently been reviewed by Kessel and Markell 
(1957) and by Bueding and Swartzwelder (1957). Although certain piperazine 
derivatives are reported to be effective for the control of human ascariasis and 
oxyuriasis, such helminthic diseases as trichuriasis and strongyloidiasis continue 
to be therapeutic problems. The following study of a new oral anthelmintic, 
dithiazanine (3 ,3’diethylthiadicarbocyanine iodide), reveals the compound to 
be a highly effective agent in experimental animals. 


MATERIALS AND METHODS 


Effect against oxyurids in mice. White mice, weighing 17 to 19 grams and 
divided into 4 groups of 5 to 10 animals, were infected with two species of natu- 
rally occurring oxyurids, Syphacia obvelata and Aspiculuris tetraptera, and were 
fed a commercial laboratory diet containing dithiazanine in concentrations of 
0.1, 0.05, 0.01, or 0.0025 per cent for periods of one to seven days. Similar groups 
of control mice received no dithiazanine in their diets. Mice in the treated and 
untreated groups were not given any food for approximately 24 hours before they 
were sacrificed. This period of fasting aided in the removal of most fecal debris 
and facilitated the examination for oxyurids. The cecum and large intestine were 
removed from each mouse and the contents perfused with normal saline solution 
under 5 pounds of compressed air. The perfusate was collected in a Petri dish, 
and microscopic examinations were made for oxyurids. Comparative counts of 
each species of oxyurids found in the treated and nontreated groups were made 
to determine the efficacy of diathiazanine on oxyurids in mice. 

The results of this portion of the study are graphically illustrated in Table 1. 

Effect against helminths in dogs. Six mongrel dogs weighing 6-9 kg. were selected 
for anthelmintic studies to evaluate the effects of dithiazanine. Egg counts were 
done for helminths by means of the Stoll egg-counting technic as well as the 
sodium dichromate flotation technic. Four fecal examinations on each dog were 
made approximately two weeks before treatment was begun. All dogs were found 
ty be infected with ascarids, hookworms and whipworms. Two dogs were adminis- 
tered dithiazanine orally (capsules), each receiving a dosage of 5 mg./kg. twice a 
day for three months; two dogs were given a dosage of 10 mg./kg. twice a day 
for three months. Medication was withheld in two dogs that were used as controls 
for this study. During the treatment period, weekly egg counts were made by 
the same technics as used during the pretreatment period. 


1 Dithiazanine, Lilly, is the generic name for 3,3’ diethylthiadicarbocyanine iodide. 
894 
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After three months the four dogs receiving dithiazanine were sacrificed and 
the gastrointestinal tracts were examined for the presence of helminths. The two 
untreated dogs were not sacrificed because their egg counts remained approxi- 
mately the same as at the beginning of the test period. 

Additional testing of the anthelmintic compound was conducted in six dogs of 
mixed breeds. At least one fecal examination was made on each dog before treat- 
ment was begun. A single dosage of 10 mg./kg. of dithiazanine was administered 
daily to each dog by capsule for four, five and/or seven days. Egg counts were 
again made approximately one week following the last dose of the compound. 
Tables 2 and 3 summarize the egg counts of helminths for these dogs. 

Effect of dithiazanine against helminths in cats. Six cats of mixed breeds, weigh- 


TABLE 1 


Effect of diathiazanine on oxyurids in mice 


: Species % cleared 
Drug diet Total eo a 
Per cent mg./kg. — - ean 


S. obvelata A. betraptera 


Days on test 


233 10 100 100 
— 10 10 20 
333 8 100 100 
— 8 0 12 
111 ) 100 100 
- 10 0 
83 0 
100 50 
100 83 
100 83 


0.1 
Nontreated controls 
0.05 
Nontreated controls 
0.01 
Nontreated controls 
0.01 


mm «J J 7 7 SI 


Nontreated controls 
0.0025 
Nontreated controls 


2 
3 
4 
4 
7 
7 


TABLE 2 


Effect of diathiazanine on helminths in dogs 





Daily dosage Helminths (Eggs) Helminths (Eggs) Helminths present 
k present before present after ot quite 
ve treatment® treatmentt psy 


Dog number 


3003 5 X : Hw, T and As | None | None 

(1 month) 
3011 Si Hw and As None | None 

(1 month) 

2992 10 x : Hw and T | None | None 

| (6 weeks) 
3015 wm xi Hw and T | None None 

(2 weeks) 
3008 | Not treated Hw, T and As Hw, T and As Not examined 
| Not treated Hw and T Hw and T | Not examined 


Legend: * Hw = Hookworm, As = Ascaris, T = Trichuris. t Time required for stool 
to become negative for eggs. 
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ing one to two kg., were used to determine the anthelmintic properties of dithi- 
azanine. Egg counts were done before treatment in the same manner as that used 
for the dog studies. One capsule containing 10 mg./kg. of the compound was fed 
to each cat daily for 5, 6, or 7 days. Approximately one week following the last 
dose of the drug, fecal examinations were done to evaluate the effect of the anthel- 
mintic compound. The egg counts of helminths for these cats are summarized in 
Table 4. 
RESULTS 

Experimental studies demonstrated that the anthelmintic compound dithiaza- 
nine, administered in the diet to mice in a concentration of 0.01 per cent for 7 
days, was very effective in removing S. obvelata and A. tetraptera (Table 1). After 
the mice had been fed for 48 hours all S. obvelata were found to have been removed 
whereas only 50 per cent of the mice were cleared of A. tetraptera. Eighty-three 
per cent of the mice were cleared of A. tetraptera after 72 hours. The medicated 
diet imparted a blue color to the fecal pellets. Swartzwelder (personal communi- 
cation) reported that dithiazanine was also effective against Strongyloides ratti. 

Approximately 30 days after receiving the anthelmintic compound dogs no 
longer passed eggs of ascarids, hookworm or whipworm. At autopsy no helminths 
could be demonstrated in the treated dogs (Table 2). Dogs given dithiazanine for 
four days in capsules containing 10 mg./kg. became negative for Ascaris and 
Trichuris (Table 3). 

In cats dithiazanine was effective against Ascaris and hookworm when admin- 
istered for five days in capsules containing 10 mg./kg. (Table 4). In dogs and 
cats the drug given by capsules imparted a blue color to the feces. 


TABLE 3 


Effect of short-term treatment with diathiazanine aga nst helminths in dogs 


Daily dosage , - Helminth (Eggs) before | Helminths (Eggs) after 
mg./kg. Days on test Wt. (Kg.) treatment) treatment 


10 3. Trichuris Negative 
10 ; Ascaris Negative 
10 j Ascaris Negative 
10 Ascaris Negative 
10 Trichuris Negative 





TABLE 4 
Effect of diathiazanine on helminths in cats 





Daily dosage | , Helminths (Eggs) before | Helminths (Eggs) after 
mg./kg. Days on test | Wt. (kg.) treatment treatment 





| Ascaris Hookworm Negative 
| Ascaris Negative 
Ascaris Hookworm Negative 
| Ascaris Negative 
Ascaris Negative 
Ascaris Negative 


10 
10 
10 
10 
10 
10 


—_e & DD DD DO 
or 
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SUMMARY 
A new anthelmintic compound, dithiazanine (3,3’diethylthiadicarbocyanine 
iodide), was found to be highly effective by oral administration against pinworms 
in mice, ascarids, hookworms, and whipworms in dogs, as well as ascarids and 
hookworms in cats. 


Further investigations are necessary to determine if dithiazanine is effective in 


the treatment of such human helminthic diseases as ascariasis, oxyuriasis, tri- 
churiasis and strongyloidiasis. 
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INVESTIGATIONS ON THE ACTION OF PIPERAZINE ON 
ASCARIS LUMBRICOIDES 


STATA NORTON anp E. J. pp BEER! 
The Wellcome Research Laboratories, Tuckahoe 7, New York 


Piperazine causes a long-lasting paralysis of intestinal round worms. This 
has been observed in human Ascaris placed in solutions of piperazine citrate? 
(Brown et al., 1956) and in worms which have been excreted by patients receiv- 
ing piperazine (Brown ef al., 1956; Schwarzwelder ef al., 1955). 

In vitro studies on living Ascaris have shown that the onset of paralysis is a 
matter of hours and recovery from paralysis is very slow (Standen, 1955). Such 
a delay in activity of a compound indicates either slow penetration or that a 
change occurs in either the compound or the parasite before paralysis can occur. 
The present studies were designed to investigate this point and also to investigate 
the mechanism by which paralysis takes place. 


MATERIALS AND METHODS 


Ascaris lumbricoides from the pig were obtained from the slaughter house 
and placed in warm Ringer’s solution (NaCl, 0.8%; KCl, 0.02%; CaCle, 0.02% ; 
and NaHCO;, 0.02%). The worms were kept for not longer than 5 days in an 
incubator at 37°C. The Ringer’s solution was changed twice a day. Only motile 
Ascaris were used for the tests. Three types of experiments were set up. 

Type 1. Whole worm. Spontaneous activity of intact Ascaris was measured 
using a Sanborn Poly-viso Recorder. Two paired Baldwin strain gages were 
cemented, one on each side, to a piece of thin spring steel. One end of the worm 
was pierced with a metal hook and tied to the spring steel. The other end of 
the worm was hooked and tied to a glass rod extending to the bottom of a 50 
ml. cylinder filled with Ringer’s solution. Changes in tension as the worm moved 
were recorded from the strain gages through a carrier amplifier in the Sanborn. 
A 10 mm. deflection on the record was equivalent to a 2 g. increase in tension. 
The cylinder containing the worm was immersed in a water bath at 37—38° C. 

Type 2. Anterior half. The anterior portion of the Ascaris was used (about a 
three-inch segment). The anterior one-half inch containing the main ganglia was 
cut off. Then the anterior portion was split along one side and the intestinal 
tract gently pulled free. The remaining portion constituted essentially a nerve 
muscle preparation. This portion was tied and suspended in Ringer’s solution 
exactly as the intact worm in Type 1 experiments. Drugs were added to the bath 
in appropriate concentrations and could be washed out by draining and refilling 
the cylinder. 


1 Reported in part at the annual meeting of the American Society of Tropical Medicine 
and Hygiene, New Orleans, La., 1956. 
2 Piperazine citrate syrup, (‘Antepar’, Burroughs Wellcome and Co., U.S. A. Inc.). 
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Type 3. Electrical stimulation. As in Type 2 experiments, the anterior half, 
minus the tip end, was used but the worm segment was not split. The cut an- 
terior end was cannulated with a short piece of polyethylene tubing tied tightly 
in place. This tubing protruded above the level of the bath fluid when the worm 
segment was suspended in the cylinder. Two ml. of Ringer’s solution were then 
forced gently through the worm by pressure from a syringe. The posterior cut 
end of the worm segment was also cannulated with a piece of polyethylene tubing. 
This tubing was connected to curved glass tubing which came up out of the bath. 
A fine nichrome wire electrode was inserted up into the cavity of the worm 
through the glass tubing. A second electrode was immersed in the bath fluid. 
The preparation was stimulated at five minute intervals with multiple shocks 
from a Harvard Stimulator (Model 935 A) of 50 volts, 60 cycles per second, for 
5 seconds. Drugs were perfused through the worm from a syringe temporarily 
connected to the top cannula. Tension recordings were made as in the other two 
types of experiments. 

All doses of piperazine are expressed as the base. A 25 per cent solution of base 
was neutralized with HCl to pH 7.1. Ringer’s solution was used for making up 
all further dilutions. 


RESULTS 


1. Recordings of spontaneous activity of the intact worm. When piperazine is 
added to the bath fluid surrounding the intact worm, a flaccid paralysis gradually 
develops. The time of onset of paralysis varies with the concentration of pipera- 
zine (see Figure 1 and Table 1). Standen (1955) has reported that prolonged 
immersion of Ascaris in more dilute solutions than the ones employed here will 
also result in paralysis. The onset may be delayed as long as 24 hours. 

2. Effect of piperazine on the split, eviscerated preparation. In this preparation 
the cuticle does not act as a barrier to penetration of drugs since the interior 
surface of the body wall is exposed directly in the bath. There is little or no 
spontaneous movement in this muscle, but acetylcholine and related compounds 
produce a fairly well sustained contracture of the muscle. Acetylcholine was 
readily washed out from this preparation (Figure 2). Baldwin (1949) has re- 
ported on this action of acetylcholine in Ascaris. Table 2 gives the mm. con- 
traction developed with varying concentrations of acetylcholine in the present 
experiments. Uniform responses were obtained in the same preparation to 
repeated doses of acetylcholine over a period of hours. The height of the con- 
tractures was directly related to the concentration of acetylcholine for each 
preparation. 

Addition of piperazine to the bath fluid before acetylcholine reduced the 
response to acetylcholine. This block of acetylcholine was quantitatively related 
to the concentration of piperazine employed. In these experiments the response 
of the muscle preparation to acetylcholine was first standardized to obtain about 
a 20 mm. rise from acetylcholine. This required from 2 to 10 ug of acetylcholine 
per ml. of bath fluid, depending on the sensitivity of the muscle. Then piperazine 
was added to the bath one-half hour before the next addition of acetylcholine. 
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Fig. 1. Tracing from Sanborn recording of intact Ascaris. Piperazine added to the bath 
fluid at the arrow results in gradual paralysis. 


TABLE 1 


Onset of piperazine paralysis in intact Ascaris 








Concentration of piperazine : 5 Average time of onset of paralysis 
(ng./ml.) Number of Experiments (usinutes) 


ee —— 


10 >120 
20 : 62 
35 18 

, 80 





200 


The per cent block of acetylcholine obtained with varying concentrations of 
piperazine is shown in Table 3. The data in Table 3 are plotted graphically in 
Figure 3. 

3. Rate of onset of piperazine block. Although the paralysis from piperazine in 
the intact Ascaris has a slow onset, the block of acetylcholine by pretreatment of 
the split worm with piperazine is rapid. The degree of block is not correlated with 
the length of pretreatment with piperazine when the time is varied from 1 
minute to 2 hours. The data for individual experiments are given in Table 4. 
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Fig. 2. Tracing from Sanborn recording of split preparation. Response to acetylcholine, 
to washing and effect of piperazine on acetylcholine are indicated at the arrows. 


TABLE 2 


Dose-response data for action of acetylcholine on Ascaris muscle 


Concentration of acetylcholine (ug./ml.) 


4 


mm. contraction 


11 mm —_ 
11.5 
12 

18.5 


Average. . 5.5 5.3 14.0 19.5 


4. Comparison of piperazine with other compounds on Ascaris muscle. Because 
piperazine was found to block the response to acetylcholine, several other com- 
pounds were tried which affect cholinergic nerve endings or acetylcholine on 
other nerve-muscle preparations. The compounds and results are given in 
Table 5. 

The effects of the compounds in Table 5 on Ascaris indicate that pharmaco- 
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Fic. 3. Dose-response curve for block of acetylcholine by varying concentrations of 


piperazine. 


TABLE 3 


Dose-response curve for block of acetylcholine by varying concentrations of piperazine 


| 
Concentration of piperazine | Number of 
(mg./ml.) observations Per cent block 





1.0 
0.5 
0.25 
0.1 
0.05 


logically Ascaris muscle has resemblances to vertebrate skeletal muscle. In 
addition, some compounds not having marked action on skeletal muscle were 
tried. Epinephrine (10 and 20 yg base/ml.), hexamethonium (20 ug chloride/ml.) 
and histamine (20 ug diphosphate/ml.) had no observable effect on the muscle 
and did not modify the response to acetylcholine. Physostigmine salicylate, 
however, in a concentration of 10 ug/ml. enhanced the response to acetylcholine 
about 50 per cent. This is to be expected if acetylcholine is the neurohumoral 
transmitter in Ascaris and, indeed, acetylcholine has been isolated from Ascaris 
(Mellanby, 1955). Both d-tubocurarine and 48-80 block the response of frog 
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TABLE 4 
Effect of duration of treatment with piperazine (1 mg./ml.) before adding acetylcholine 


Duration of pretreatment Per cent block of acetylcholine 


1 min. 100 
5 100 
10 50 
30 64 
30 


75 


30 100 
30 83 
2 hours 50 


TABLE 5 


Effect of various compounds on split Ascaris preparation 


Effective , Per cent block 
Compound concentration Effect on Ascaris preparation of response to 


(ug/ml.) acetylcholine 


Nicotine alkaloid 10 Contracture 
Succinylcholine chloride 20 Contracture 
Decamethonium bromide 40 Contracture 
Atropine sulfate 20 None 


50 None 
d-tubocurarine chloride 1 None 


10 None 
48-80 l None 


10 None 


skeletal muscle to acetylcholine (Dews ef al., 1953) and succinylcholine and 
decamethonium cause contracture. In all these ways, then, Ascaris is much like 
vertebrate skeletal muscle. 

These similarities suggested that piperazine may act like d-tubocurarine by 
blocking the neuromuscular junction of Ascaris and thereby preventing the 
response to acetylcholine. Such a block could also account for the paralysis 
observed in the intact worm from piperazine. 

5. Electrical stimulation. Electrical stimulation of the muscle of Ascaris was 
tried to see if perfusion of the Ascaris by piperazine would block the direct 
muscle response. The muscle preparation is described under Methods. It was 
assumed that the strong stimulus used (50 v) was stimulating the muscle fibers 
directly. Increasing the stimulus to 200 volts did not increase the response. 
After several control responses to stimulation were obtained, 2 ml. of drug in 
Ringer’s solution were perfused through the Ascaris preparation. The response to 
the electrical stimulus was not changed by perfusion with piperazine or d- 
tubocurarine (Table 6) but perfusion with quinine blocked this response. In 
these preparations some spontaneous movement was present. Piperazine was 
very effective in blocking this activity. 
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TABLE 6 
Electrical stimulation of body wall 


Response to stimulus after perfusion 


Concentration Control response (mm. contraction) 


Compound perfused to stimulus 
(mg./ml.) (mm. contraction) ; : 
5 min 10 min. 
Ringer’s solution 
Piperazine base 


d-tubocurarine chloride 


Quinine HBr 


DISCUSSION 


Piperazine, in the present experiments, appears to cause a block of the neuro- 
muscular junction of Ascaris very much like the block resulting from d-tubo- 
curarine. The occurrence of neuromuscular block in the intact Ascaris would 
produce paralysis and account for the therapeutic effectiveness of piperazine 
against round worms. 

However, the paralysis produced by piperazine in the intact Ascaris has a 
much more delayed onset than the block of acetylcholine on the split preparation 
or the disappearance of spontaneous activity in the perfused worm segment. 
This difference in time of onset might be explained by 1) slow penetration of 
piperazine through the cuticle to the neuromuscular junction; 2) delay due to 
transformation of piperazine in the worm to a more active substance or; 3) 


delay due toa block of a process in the worm which gradually results in paralysis. 


Hypotheses 2 and 3 would explain the paralysis only if they occurred at lower 
concentrations of piperazine than are necessary to produce neuromuscular 
block. Otherwise the demonstrated neuromuscular effect alone would produce 
paralysis regardless of the other effects of piperazine. 

The present experiments on intact, split and electrically stimulated worms 
are consistent with the hypothesis that piperazine penetrates slowly. The evi- 
dence from these experiments indicates that the neuromuscular block occurs at 
relatively low concentrations. It seems unlikely that lower concentrations than 
those effective against acetylcholine (50 ug/ml. or more) in the split preparation 
will produce paralysis in intact Ascaris. The lowest concentrations which have 
been reported to produce paralysis of the intact worm are from 100 ug/ml. 
(Bueding, 1956, personal communication) to 1250 ug/ml. (Standen, 1955). 

The production of neuromuscular block by piperazine is interesting since 
piperazine is a secondary amine. In this it resembles Compound 48-80 but differs 
markedly from the latter compound in not showing the typical effects of a 
histamine liberator on blood pressure or mast cells. Both compounds, however, 
block the response of Ascaris muscle to acetylcholine. Compound 48-80 has 
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been demonstrated to block acetylcholine on frog muscle (Dews et al., 1953) 
and to produce block in mammalian muscle in large doses (S6mjén and Uyldert, 
1955). Piperazine in experiments in our laboratories produces a very weak 
neuromuscular blocking action in cats. Muscular weakness has also been reported 
from excessive doses of piperazine in man (Brown ef al., 1956). It seems possible 
that the Ascaris and frog neuromuscular junctions can be readily blocked by 
some secondary amines. Mammalian muscle however, appears to be much more 


resistant to these compounds. The therapeutic effectiveness of piperazine may 
be due to this marked difference in sensitivity of different types of neuromuscular 
junctions. 


SUMMARY 


Immersion of motile specimens of Ascaris lumbricoides in piperazine solutions 
gradually results in paralysis of the worms. When the worms are split the muscle 
of the body wall contracts in response to acetylcholine. This response is rapidly 
blocked by dilute solutions of piperazine. Electrical stimulation of the muscle 
of the body wall also causes contraction. This contraction is not blocked by 
perfusion of this preparation with piperazine. This evidence indicates that 
piperazine produces paralysis of Ascaris by blocking the neuromuscular junction. 
This observation can account for the therapeutic effectiveness of piperazine 
against Ascaris. Ascaris muscle responds to several pharmacologically active 
compounds in a manner resembling vertebrate skeletal muscle. 
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COMPARISON OF METHODS OF EXAMINING STOOLS 
FOR PARASITES 


FRANCISCO BIAGI F. ann JAIME PORTILLA 


Unidad de Patologia, Escuela de Medicina, Universidad Nacional Auténoma 
de México (Hospital General) 


We have had the opportunity of seeing fatal cases of amebiasis diagnosed at, 
autopsy, with negative stool examinations while living, and cases of strongyloi- 
dosis and fasciolosis with severe clinical pictures but negative stool examinations. 
This could be the result of errors committed during the examinations or of inef- 
ficiency of the method employed. 

It seems that Leenwenhoek, in the 17th century, was the first to use the direct 
method for the examination of feces (Neveu-Lemaire, M., 1943). Telemann in 
1908 employed a sedimentation method; Bass in 1909 utilized flotation by cen- 
trifugation; and Fiilleborn in 1920 used spontaneous flotation in hypertonic 
solutions of parasites, eggs or cysts in order to obtain richer preparations (Islas, 
1952). 

A number of modifications of the above methods have been introduced. At 
present it appears that the best results are obtained with methods such as zinc 
sulfate flotation (Faust et al., 1939), which require several washings of the prod- 
ucts and finally obtain the sample by flotation with centrifugation. Recently, 
Bayona (1955), and Ferreira and Abreu (cited by Coutinho et al. 1953) have 


introduced modifications of the procedures for taking off the floating material 
which apparently improve the results. A different method is that of Baermann, 
adapted for feces by R. G. Moris (cited by Coutinho et al., 1953), which utilizes 
larval motility for concentration. 


MATERIAL AND METHODS 


Simultaneous fecal examinations were made by the following methods: direct, 
Faust, Bayona, Ferreira, and Baermann, in 400 fecal samples from 200 people. 

Direct examination was made with the standard technic using saline solution 
and lugol. 

Adequate amounts of feces were diluted in water (1:10), well homogenized, 
filtered through gauze, and aliquot parts dispensed in tubes according to the 
methods of Faust, Bayona and Ferreira. The original method of Faust et al. 
(1939) was followed and is not described as it is well known. For the method of 
Bayona we used a plastic lusteroid tube (International), 110 x 15 mm. This dif- 
fers from the Faust method only in that the top layer is obtained by placing a 
clean greaseless slide over the mouth of the tube and pressing on the middle por- 
tion of the tube until floating material makes contact with the slide. 

The method of Ferreira utilizes pyrex tubes 100 x 25 mm. and a funnel illus- 
trated in Fig. 1, with a small tube of rubber at the end. It follows the same 
procedure as the Faust method until the last washing, when 2 ml. of a solution 
of ZnSO, of 1.191 density (35%) is added and mixed thoroughly, the funnel is 
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Fig. 1 


placed with its widest part down and inside the tube, and the solution of ZnSO, 
added until 1 em. below the tube’s mouth; thus the fecal matter remains almost 
totally inside the funnel. Centrifuged 1 minute at 1,500 r.p.m., all the floating 
material remains in the narrow part of the funnel. The funnel is lifted by grasping 
the rubber tube, thus emptying all but the floating material. The funnel is then 
inverted over slides, adding 2 drops of lugol to collect the floating material. In 
carrying out these procedures we use rubber gloves. 

Certain difficulties encountered in the execution of this method were soon 
overcome, e.g., the formation of an interphase inside the funnel that did not 
permit the ascent of the floating material. This was a result of not having elim- 
inated all the water of the last washing; the funnel should be removed, the 
material stirred in order to re-homogenize it, the funnel replaced and centri- 
fuged. Occasionally the floating material does not empty easily, but a few taps 
on the wide end of the funnel is sufficient. 
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The method of Baermann requires a funnel 12 cm. in diameter, closed at the 
outlet with a clamped rubber tube, and fitted with a 5-mesh/cm. wire screen 
covered with doubled gauze in its wide end. Approximately 5 gm. of the feces 
are deposited on the gauze and the funnel filled with water at 45°C. until the 
feces are covered. After one hour the clamp is opened and 5 ce. of the liquid 
collected in a Syracuse or Petri dish which is then studied microscopically. The 
larvae move actively. 

The concentrates from the first four methods are homogenized and stained 
with lugol, and the entire area of the preparation examined. 

The number of cysts per preparation is scored as follows: 

+ Very few: Few cysts in all of the preparation. 
++ Few: More abundant but not found in all microscopic fields 
(125 X) 
+++ Moderate: Some cysts in all microscopic fields (125 xX) 
++-+-+ Abundant: Many cysts in all fields. 

++-++-+ Very abundant: Conglomerations of cysts in all fields. 

The eggs and larvae are counted. When they are very abundant (more than 
2,000), 10 fields are counted (125 X) and the total number in the preparation 
is calculated. 

RESULTS AND DISCUSSION 

The time consumed in filling a tube with fecal emulsion and preparing the 
contents for microscopic examination was: Faust 8’8”, Bayona 9’, Ferreira 
10’7” (average of 5 trials). 

Of the samples examined, 103 were negative; in the remainder one or more 
species of parasites were found by at least one method. (Table 1). These figures 
do not pretend to show their relative prevalence. 

In general the protozoa were not found regularly in successive examinations 
of the same individual, but the helminthiases were usually diagnosed in all the 
subsequent examinations of positive cases. The irregular way in which the 
protozoa are excreted requires repeated examination to be sure of a negative 
result. 

In Table 2 the percentage of positive samples by different methods is shown. 
Each of the 4 categories in which the material is classified behaves similarly 


TABLE 1 


Number of infections found, by species of parasite. 


Enteromonas hominis... 4 Fasciola hepatica 
Chilomastiz mesnili 22 Taenia sp. 

Trichomonas hominis 33 Hymenolepis nana 
Giardia lamblia 98 Ascaris lumbricoides 
Entamoeba histolytica ae Enterobius vermicularis. . 
Entamoeba coli , 49 Strongyloides stercoralis 
Endolimaz nana 34 Heteroderidae. . 
Todamoeba biitschlii 8 Hookworms 

Isospora hominis , 8 Trichuris trichiura 
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regardless of the species of the parasite to which the trophozoites, cysts, larvae, 
or eggs belong. Trophozoites are of course to be found only by the direct method. 
The percentage of samples positive for cysts, eggs and larvae however is low by 
the direct method and slightly higher by that of Ferreira as compared with the 
other methods of concentration. With respect to infertile eggs of Ascaris lum- 
bricoides, the direct method was superior to the Faust method, and the Ferreira 
method superior to all. 

Considering the positive samples with few eggs (less than 50/preparation) as 
diagnosed by different methods (Table 3), the superiority of the Ferreira method 
is definite. This is particularly important when we consider the diagnosis of the 
helminthiases in which egg production is small, as in strongiloidiasis and fas- 
cioliasis (Table 5). We believe that this method could be useful in the diagnosis 
of schistosomiasis. 

It is important to note that our stool samples in general abounded in eggs or 
cysts. Because of this, the differences in diagnostic efficiency shown in Table 2 
are not as striking as in Table 3. For example the two cases of fascioliasis ex- 
amined by the Ferreira method yielded an average of 1,000 eggs in each prepa- 
ration; the eggs were so abundant that other methods also gave positive results. 

Presented in Table 4 are the number of samples with cysts in different con- 
centrations, and in Table 5, the number of eggs of different species, counted by 


each method. (The direct examinations for eggs are not reported as they were 


few.) It should be noted that the Ferreira method presented very rich concen- 
trations of cysts, and where the eggs and larvae could be counted, the concen- 
tration was 17.9 times more than that of the Faust method. This is explained 
by the fact that the former employs more than twice the fecal matter and col- 
lects all the floating material, thus revealing a greater number of infections. An 


TABLE 2 
Percentage of positive samples found by different methods 
% of positives 
Total Positives 


Direct Faust Bayona Ferreira 


Trophozoites : 100 0 0 0 
Cysts 57.+ 93.6 92.6 

Eggs* and larvae 42. 90.5 92.8 97. 
Infertile eggs of Ascaris 17 52.$ 35.3 52.9 


* Excluding the infertile eggs of Ascaris lumbricoides. 


TABLE 3 
Comparison of methods in the diagnosis of cases with light infections 


(less than 50 eggs per preparation) 


% of positives 
Total number 


Direct Bayona Fererira 


72.3 94.1 





Number of samples with cysts found by the different methods 


Method 
Direct 
Faust 
Bayona 
Ferreira 


Fasciola 

Taenia 
Hymenolepis 
Ascaris a 
Ascaris infertile 
Enterobius 
Strongyloides 
Heteroderidae 
Hookworms 
Trichuris 
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TABLE 4 


Total 


oa 


43 
59 
56 


32 


TABLE 5 
Number of eggs of different species found by three methods 


Total Posit. Faust 
2,109 
124 
6,659 
16,340 
52 
60 
1,303 
2 
8,961 
13,730 


Bayona 


6,002 
230 
66,081 
86,339 


+++ 


o 


56 
56 


56 


Concent. 
factor* 


0. 


++4++ | +4444 


Ferreira 
23 ,392 
511 
115,289 
389 , 705 
250 
163 
63 ,649 
20 
115,366 
174,617 


Concent. 
factor* 


1 


Total 322 


196 ,376 4.0 





49 ,340 882 , 962 


is the number of eggs found by the method of 


’ 


* The unit of the ‘‘concentration factor’ 


Faust 


additional advantage is that the more numerous the cysts and eggs, the more 
readily they are observed. 

The preparations of the Ferreira method are mounted with coverslips (22 x 
40 mm.) and the time required for observation is double that for the other 
methods. Nevertheless, due to the greater concentration of cysts and eggs which 
it affords, the diagnosis is established more quickly. The amount of debris is 
about the same in the different methods of concentration. 

Up to the present we have made 750 stool examinations and during the 
process of making and collecting the concentrations, we have not broken a 
funnel or tube used in the Ferreira method. In the “Hospital Infantil” of Mexico 
City where this method has been adopted, 1,500 stools are examined per month 
and in 10 months the average number of funnels broken per month was 15. 

Commercial detergents are used in washing the funnels and rubber nipples 
of the Ferreira method, which are then rinsed with tap water under pressure. 
Each week the funnels are washed with a chromic mixture and the rubber nip- 
ples discarded (bicycle valve rubber tubing is used for economy). In order to 
evaluate the possible contamination from one examination to another, 20 used 
funnels with rubber nipples, after being washed with detergent, were placed 
vertically in a pyrex beaker overnight and repeatedly rinsed inside and out. 
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(he water from the washings was then centrifuged. The sediments did not re- 
veal either cysts or eggs. 

The Bayona method gives satisfactory concentrations and has the advantage 
that the floating material is collected in the simplest manner. 

The Baermann method was useful only for finding larvae. It does not reveal 
a greater number of positive samples than the Ferreira, perhaps because our 
samples were relatively high in larvae. But on the other hand, it offers notably 
higher concentrations of larvae, so that in 50 per cent of the cases the larvae 
per microscopic field were so numerous that it was almost impossible to make 
a count. 


SUMMARY 


Simultaneous fecal examinations were made of 400 samples by the following 
methods: direct, Faust, Bayona, Ferreira and Baermann; 103 samples were 
negative and in the remainder, 18 species of parasites were found. The direct 
method is indispensable for the finding of trophozoites. For cysts, eggs and 
larvae, the Ferreira method diagnosed a greater number of positive samples 
than the other methods. It was particularly effective when the number of eggs 
was small, providing richer concentrations. However, irregularity of excretion, 
particularly of cysts, makes more than one examination necessary. 
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THE DEVELOPMENT OF ONCHOCERCA VOLVULUS IN 
LABORATORY-REARED! SIMULIUM DAMNOSUM 
THEOBALD 
R. C. MUIRHEAD-THOMSON 
The Liberian Institute of the American Foundation for Tropical Medicine, Inc., 
Harbel, Liberia 


Simulium damnosum, the main vector of human onchocerciasis over a large 
part of tropical Africa, shows no reluctance to attack and bite man in nature. 


In the laboratory, however, it has always proved to be an extremely refractory 


TABLE 1 
Development of Onchocerca volvulus embryos in laboratory-reared Simulium damnosum 
fed on legs of human subject. Feb.—July, 1956 


Days after Number of Onchocerca larval forms 
infective fed flies 
meal examined Sieaes 


Abdomen 
10 active microfilar-- Approx. 60 micro- 
iae, up to 280 uw filariae in partly- 
long. digested blood. All 
about 280 uw long. 
5 stumpy forms, 315 


350 w long. 


15 well-developed 
larvae. 450-530 uw 
long. 

well-developed 
forms about 400 u 
long. 


1 mature larva 560 u 1 mature larva 525 u 
long long. 

1 mature larva 560 u 
long. 

1 infective larva 600 


pw long. 


10 mature larvae,| 2 mature larvae. 
530-560 » long. 
1 mature larva. 


insect, most workers having experienced the greatest difficulty in persuading it 
to feed in captivity. This feature is not peculiar to Similium damnosum but is 
also exhibited by several other medically important species of Simulium, 
including the vectors of onchocerciasis in Central America. 

1 This investigation was supported in part by a research grant (RG-4533) from the Na- 
tional Institutes of Health, Public Health Service. 
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As a result of this almost insuperable difficulty the great bulk of evidence in- 
criminating Simulium as a vector of onchocerciasis has had to be based on the 
use of wild flies, the general method being to expose a suitable human subject to 
the bites of wild flies in the open and collecting the engorged flies in tubes. So far 
only one group of workers, Wanson ef al. (1945), have successfully induced 
uninfected, laboratory-reared Simulium damnosum to feed on humans and have 
maintained the flies long enough for the ingested Onchocerca microfilariae to 
undergo complete development to the infective stages in the head and mouth- 
parts of the fly. 

At the Liberian Institute, despite expected setbacks and failures, laboratory- 
reared Simulium damnosum have been persuaded on several occasions to feed in 
captivity, and it has been possible in three cases to maintain gorged flies long 
enough for the Onchocerca larvae to reach the infective stage. Although these 
observations do not add materially to our knowledge of Onchocerca transmission, 
they are worth recording as a confirmation of the single existing record mentioned 
above. 

Hungry laboratory-reared female flies were transferred to a cylindrical feeding 
tube, 6 in. x 1% in., and induced to feed, through the cotton mosquito netting 
covering the end of the tube, on the legs of selected human cases showing Oncho- 
cerca microfilariae in their skin. Engorged flies were kept in 2,000 ml. beakers 
provided with filter paper and supplied with cotton wool soaked in sterile sugar 
solution. The greatest difficulty was met in getting the flies to feed but once 
they had gorged it was usually possible, even with small samples, to maintain 
one or two alive for the necessary 6 or 7 days. 

The results are shown in Table 1. From the table it will be seen that 3 of the 
infected females lived long enough to show infective stages in the head; 2 of them 
with infective larvae in the thorax as well, and 1 with an abdominal infection. 
In addition two other females were maintained long enough for infective stages 
to appear in the abdomen, presumably just prior to migration to the head. 

As for the time necessary for full development, the February record—in the 
dry and hotter season—shows infective forms developed by the 7th day after 
the infective meal. The two records in July—the cooler rainy season—showed 


infective forms on the 9th day, but these may already have been present a day 
or two before that. 


Should this technique be developed or improved it may be possible to extend 
our knowledge of Onchocerca transmission in a more critical manner, and avoid the 
use of wild-caught flies in which the possibility of natural infections already 
being present can seldom be ruled out entirely. 

REFERENCES 
Wanson, M., Henrarp, C., anp Preen, E., 1945. Onchocerca volvulus Leuckart—Indices 


d’infection des simulies agressives pour l’homme.—Cycle de developpement chez 
Simulium damnosum Theobald, Rec. Trav. Sci. Med. Congo. Belge 4: 122-135. 





A PRELIMINARY REPORT ON A PERFUSION TECHNIQUE FOR 
RECOVERING SCHISTOSOMES AT TIME OF AUTOPSY 


J. WALTER BECK ano FREDERIC D. GARRETT 
University of Miami School of Medicine, Coral Gables, Florida 


In view of the probability that schistosome infections become concentrated 
within certain limited portions of the portal system there is evident value, for 
research and for routine post mortem diagnosis, in developing a technique of 
selectively washing the worms from individual portions of the system. 

Faust et al. (1934) showed in rats, rabbits and monkeys the route followed by 
the schistosomulae of S. mansoni to their eventual destination in the liver and 
the subsequent migration of the adults against the portal flow to the mesenteric 
branches of the portal system. They concluded that although the adult worms 
were found throughout the various mesenteric branches of the portal system the 
parasites occurred more abundantly in the area of the ileocecal junction, or below 
this level. A similar concentration of extruded eggs in the intestinal wall of the 
lower colon and rectum in man is suggested by the popularity of the rectal biopsy 
as an adjunct to stool analysis in the diagnosis of S. mansoni infections. 

Faust and Meleney (1924) first showed the feasibility of perfusing worms from 
the portal system of experimental animals. Modification of this technique fol- 
lowed in the works of Brandt and Finch (1926), Yolles et al. (1947) and Pan and 
Hunter (1951). The application of perfusion techniques to human autopsy has 
not previously been reported. Our experimental study of a series of human 
cadavers demonstrates the feasibility of selective perfusion based on the dis- 
tribution of the larger portal and arterial branches. We feel that such a method 
will aid in determining’ the distribution of S. mansoni in man, in observing the 
relationship between clinical manifestations and degree of infection, and in more 
accurately determining the incidence of human infection than can be done by 
stool examination and rectal biopsy. 


MATERIALS AND METHODS 


Three preserved and ten fresh cadavers were used in this study. Perfusion 
equipment consisted of rubber tubing 34” in diameter, and plastic cannulae 
adaptable to vessels of increasing diameter by cutting off the tapering end to 
the bore desired. Pressure in the perfusion tube was obtained by attaching one 
end of the tube to the water faucet located at the foot of the morgue table. Can- 
nulation of selected vessels was effected with the other end. Sufficient pressure 
was applied across the capillary beds by regulating flow at the faucet. The 
perfusate was recovered from the portal vein or other vessels as desired by in- 
serting collecting cannulae with tubes leading into suitable containers. 


TECHNIQUE 


For flushing out selected portions or the entire portal system, the following 
techniques were worked out and tested on the cadavers. 
914 





PERFUSION TECHNIQUE FOR RECOVERING SCHISTOSOMES AT AUTOPSY 915 


I. Portal branches in the liver 
(a) Insert perfusing cannula in the thoracic (supradiaphragmatic) portion 
of the inferior vena cava (Fig. 1 Site 1). 
(b) Insert collecting cannula toward the liver in the portal vein within the 
hepato-duodenal ligament (Fig. 1 Site 2). 
(c) Ligate the inferior vena cava between the inferior surface of the liver 
and the entrance of the renal veins (Fig. 1 Site 3). 


SUPERIOR 
VENA CAVA 


AZYGOS VEIN ty) 





INFERIOR " HEMIAZYGOS 
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Fig. 1. Veins of the body cavities, schematic. (Modified after Cunningham). Site 1— 
supradiaphragmatic portion of the inferior vena cava. Site 2—portal vein within hepato- 
duodenal ligament. Site 3—infrahepatic inferior vena cava. Site 4—termination of inferior 
mesenteric vein in splenic vein. Site 5—Union of splenic and superior mesenteric veins to 


form portal vein. 
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II. Entire non-hepatic portion of the portal vein 
(a) Insert perfusing cannula in the thoracic aorta (Fig. 2 Site 1). 
(b) Reverse the collecting cannula in the hepato-duodenal ligament to re- 
ceive the flow from the mesenteric veins (Fig. 1 Site 2). 


(c) Ligate the renal vessels (Fig. 2 Site 2) and the abdominal aorta just 
above its bifurcation (Fig. 2 Site 3). 
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Fic. 2. Relations of the great vessels below the heart. Site 1—thoracic aorta. Site 2—renal 
vein. Site 3—bifurcation of abdominal aorta. Site 4—esophagus transected at gastro- 
esophageal junction. Site 5—abdominal aorta between origins of celiac and superior mes 


enteric arteries. Site 6—inferior vena cava. Site 7—bifurcation of common iliac artery. 
Site 8—external iliac vein. 
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Territory supplied by celiac artery 
(a) Insert perfusing cannula in the thoracic aorta (Fig. 2 Site 1). 
(b) Insert collecting cannula in portal vein toward gut within hepato- 
duodenal ligament (Fig. 1 Site 2). 
(c) Ligate gastro-esophageal junction (Fig. 2 Site 4) and aorta between 
the origins of the celiac and superior mesenteric arteries (Fig. 2 
Site 5). 
Territory drained by any one of the three mesenteric tributaries (splenic vein, 
superior mesenteric vein, inferior mesenteric vein). 
(a) Insert perfusing cannula in the thoracic aorta (Fig. 2 Site 1). 
(b) Insert collecting cannula in portal vein toward gut within the hepato- 
duodenal ligament (Fig. 1 Site 2). 
(c) Ligate renal vessels and abdominal aorta just above bifurcation (Fig. 2 
Sites 2 and 3). 
(d) Clamp off any two of the three tributary veins. 
(e) Change clamps as desired for perfusing remaining tributaries. 
Portal and hemorrhoidal veins selectively and simultaneously 
(a) Insert perfusing cannula in thoracic aorta (Fig. 2 Site 1). 
(b) 1. Insert one collecting cannula in portal vein within hepato-duodenal 
ligament directed toward the gut (Fig. 1 Site 2). 
2. Insert another collecting cannula in inferior vena cava just above 
union of the common iliac veins (Fig. 2 Site 6). 
(c) Ligate the external iliac veins at their origin (Fig. 2 Site 8). 
DISCUSSION 

Although actual cases of schistosomiasis were not available for demonstration 
of the above described perfusion technique, the successful recovery of water 
throughout the various areas perfused demonstrated its feasibility. Previous 
workers mentioned have shown that adult worms are readily recovered from 
experimental animals by similar procedures. The problem of most concern to us 
prior to the initiation of this project was the effect of post-mortem coagulation 
of the blood. Using varying degrees of perfusion pressure apparently solved this 
problem. Capillary beds will rupture with pressure sufficiently high to dislodge 
the clots but this seemed not to cause a critical drop in pressure within the veins. 
It was necessary, however, to exercise great care in making cannulations in 
order to avoid tearing small vessels in the mesenteric bed. Bodies of the very 
aged sometimes proved unsatisfactory. In these we found that many small 
vessels ruptured, possibly because of extensive sclerosis, causing a drop in pres- 
sure to the extent that perfusion became impossible. 

The liver perfusion was easily accomplished. Initially a marked enlargement 
occurred due to engorgement with water, followed eventually by flow through 
the portal vein. Perfusion of selected segments of the portal system was accom- 
plished by selectively closing off either arterial or venous branches. The territory 
supplied by the celiac artery was isolated by placing one ligature around the 
gastro-esophageal junction and a second around the aorta between the origins 
of the celiac and superior mesenteric arteries. Territories drained by the superior 
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mesenteric, inferior mesenteric and the splenic veins were isolated by clamping 
off any two, leaving the third open. Similarly it should be possible to isolate the 
superior and inferior mesenteric arterial territories by perfusing directly through 
the superior mesenteric artery, or backward through the lower abdominal aorta 
with a ligature around the aorta between the inferior and superior mesenteric 
arteries, to perfuse the inferior mesenteric artery alone. This dissection, however, 
is laborious due to the fibrous nerve plexuses surrounding the origins of the 
arteries. The results would probably be essentially the same as, or less precise 
than, the results obtained by selecting the corresponding veins. 

Due to the anastomoses between the portal and hemorrhoidal systems we were 
particularly interested in a method which would selectively perfuse each system, 
while minimizing the likelihood of artificially forcing parasites through the 
anastomoses. The obvious solution was to perfuse through the aorta above the 
inferior mesenteric artery with the external iliac arteries and veins ligated, and 
collect the perfusate simultaneously through the inferior vena cava above the 
junction of the iliac veins, and through the portal vein with the splenic and su- 
perior mesenteric veins clamped. We observed, when testing on the cadaver, that 
an increase in perfusion pressure was necessary to achieve portal flow after caval 
flow had started. 


Anatomy of the dissections 


Veins—The portal vein is exposed for cannulation as it courses through the 
hepato-duodenal ligament (Fig. 1 Site 2). This ligament is found by lifting the 
inferior border of the liver to reveal the anterior aspect of the stomach. The 
stomach is then followed to the point where it tapers into its junction with the 
duodenum. A finger placed against the posterior body wall and slipped medially 
between the gastro-duodenal juncture and the inferior surface of the liver will 
enter the epiploic foramen. The band of tissue forming the anterior border of 
the foramen, and running between the duodenum and the liver, is the hepato- 
duodenal ligament containing the portal vein, bile duct, and numerous arterial 
branches. A finger is inserted in the foramen for support and the portal vein is 
exposed by blunt dissection. Care must be taken that the branches of the celiac 
artery, especially the gastro-duodenal, are not damaged. 

The inferior vena cava is exposed between the liver and renal veins (Fig. 1 
Site 3) where it forms the posterior margin of the epiploic foramen. 

The thoracic vena cava is easily found as it emerges from the superior surface 
of the diaphragm to enter the heart (Fig. 1 Site 1). If the heart has been removed 
it will appear as a large hole entering the diaphragm to the right of the midline. 

The portal vein is formed by the junction of the superior mesenteric and splenic 
veins approximately in the midline posterior to the pancreas (Fig. 1 Site 5). The 
splenic vein approaches this junction transversely from the left, and receives its 
inferior mesenteric tributary (Fig. 1 Site 4) shortly before terminating. Exposure 
of sites 4 and 5 was effected by tearing through the lesser omentum connecting 
the stomach to the inferior surface of the liver and lifting the pancreas by dis- 
section between its inferior border and the superior border of the duodenum. 
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Renal vessels—The kidneys are located by palpation and bluntly stripping 
away peritoneum and fat in the gutters which flank the vertebral column (just 
inferior to the liver on the right and the spleen on the left). The artery, vein and 
ureter of each kidney were isolated and ligated in a bundle (Fig. 2 Site 2). 

Arteries—To ligate the aorta between the origins of the celiac and superior 
mesenteric arteries (Fig. 2 Site 5) it was found desirable to dissect downward 
through the diaphragm from its thoracic surface since the celiac artery arises 
within the diaphragm or even superior to it. 

The bifurcation of the common iliac vessels into the external and internal iliacs 
(Fig. 2 Site 7) was found by tracing the common vessels laterally and inferiorly 
along the brim of the pelvis. It was frequently difficult to locate the internal 
vessels as they pass posteriorly over the brim of the pelvis, but the ureter crossing 
the anterior face of the common or external iliac vessels marks approximately 
their point of origin. 


SUMMARY 


A perfusion technique for selectively washing adult schistosomes from various 
portions of the portal system has been developed and tested on cadavers. Al- 
though the literature reports adult schistosomes from various areas of the portal 
system no method has previously been devised for determining the total worm 
burden in a given area. It is hoped that determining total worm burden in the 
host as well as burden in selected areas, by the methods here presented, will reveal 


more accurately the incidence of infection in a population and promote a better 
understanding of the relationships among clinical manifestations, total worm 
burdens, and areas of the body involved. It is anticipated that this preliminary 
report will be followed by application of the method in an endemic area of schisto- 
somiasis and that further refinements of technique will follow. 
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LABORATORY STUDIES ON THE REACTIONS OF SIMULIUM 
LARVAE TO INSECTICIDES 


I. A LaBoratory METHOD FOR STUDYING THE EFFECTS OF 
INSECTICIDE ON SimuLiumM LARVAE! 


R. C. MUIRHEAD-THOMSON 


The Liberian Institute of the American Foundation for Tropical Medicine, Inc., Harbel, 
Liberia 


In the last twelve years a great deal of work has been done on the control of 
Simulium by treatment of breeding places with insecticide, DDT in particular. 
From observations made in various parts of Africa, Central America and Canada 
it is clear that Simuliuwm larvae in general are susceptible to very low concen- 
trations of DDT in the water, of the order of 0.1 parts per million. A 1-hour 
exposure to this low concentration has been sufficient in most cases to produce 
complete elimination of existing larvae, and in some cases effective control has 
been produced by much shorter exposures of 15 minutes or even 5 minutes 
(W.H.O., 1954) 

Owing to the difficulty of handling and maintaining Simulium larvae in the 
artificial environment of the laboratory however, very little progress has been 
made towards a more exact comparison of the effects of different concentrations, 
different exposures, and different insecticides. The almost complete absence of 
laboratory figures of this kind is particularly regrettable in the case of Simulium 
damnosum, the main vector of onchocerciasis over large areas of Tropical Africa, 
particularly in view of the numerous studies which have been made on its con- 
trol by insecticide in the field (Lebrun, 1954). 

Up till now the only method of testing the effect of insecticide on Simulium 
larvae in the laboratory has been that of Lea and Dalmat (1954) working on 
Central American Simuliidae. This technique, which has been adopted by the 
World Health Organization Expert Committee on Onchocerciasis (1954) is 
dependent on a continuous running water supply of unfiltered and untreated 
river water in the laboratory. The method of handling the larvae, and their 
restriction to small wire gauze containers in the stream of water, impose certain 
limitations—admitted by the authors—in the way of obtaining consistent results 
from day to day. 

In the course of studies on Simulium damnosum at the Liberian Institute a 
simple method of handling larvae and maintaining them in fairly healthy con- 
dition for 3-4 days was worked out. Although there had been no original inten- 
tion of studying the effects of insecticide on Simulium larvae, this new technique 
provided such an ideal opportunity for doing so that a detailed investigation 
was started. 


1 This investigation was supported in part by a research grant (RG-4533) from the 
National Institutes of Health, Public Health Service. 
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The technique is dependent, not on a supply of unfiltered running water, 
but on a continuous supply of compressed air, with which the laboratories at the 
Institute are provided. The technique of testing larvae is as follows. 

(1) Supplies of healthy Szmulium larvae from natural breeding places were 


available throughout most of the year in various perennial streams within 15 


miles of the Institute. Submerged grasses on which larvae were particularly 


abundant were collected from streams early in the day and transferred to the 
laboratory in an enamelled dish provided with the minimum of water. (Larvae 
transported in the damp soggy mass of vegetation remained on the grass and 
showed no ill effects even after 2-3 hours in this condition. But if the grass 
leaves were submerged in water for transport, larvae left the vegetation and 
attached themselves to the walls of the container from which they could only be 
dislodged with difficulty and with danger of damage.) 

(2) When the vegetation with larvae was brought to the laboratory, it was 
divided into three roughly equal parts, and each lot was put in a tall cylindrical 
glass museum jar of 15 litres capacity. Water collected from a stream was then 
added to the jar up to the 5,000 ml. mark, submerging the vegetation. A standard 
glass tube with nozzle (20 ml. graduated pipettes were found convenient) was 
connected by means of rubber tubing to the compressed air nozzle, the glass 
tube reaching to the bottom of the jar and delivering a stream of air bubbles 
against a limited part of the inside wall (Figure No. 1). In the course of a few 
hours the larvae moved out of the vegetation and fixed themselves against the 
glass wall of the jar where the stream of air bubbles produced maximum turbu- 
lence. When a good selection of larvae of all stages had become attached in this 
way all the vegetation was removed and the level of the water topped up to the 
5,000 ml. mark once more (Figures Nos. 2, 3 & 4). 

The total number of larvae which became attached to the glass varied between 
about 100 and 350, the number varying with the richness of the grass sample. 
The number of full grown larvae in each sample usually varied between 50 and 
100. After the vegetation had been removed the larvae could be counted, and 
divided as far as possible into three categories—full grown, intermediate, and 
very young. By restricting field collections to certain well-investigated sites it 
was possible in most cases to work with fairly pure cultures of each species, 
Simulium damnosum in particular. The composition of each sample could also 
be checked by identifying pupae on the vegetation which was removed from the 
jar, and also by examination of pupae which were later produced inside the wall 
of the jar itself. In all cases larvae were collected in the field by the author 
personally. 

As Simulium damnosum was the main object of study, particular care was 
taken to ensure that samples from the field contained at least 95 per cent of this 
species. In many months of the year— particularly during the long rainy season 
this was not a difficult matter, but in the dry season several common species 
were liable to share the same habitat as damnosum. As there is some indication 
that different species of Simulium may react in different ways to insecticide it 
is important to work as far as possible with pure cultures. 
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Fic. 1. Showing glass jar with vegetation, to which Simulium damnosum larvae are at 
tached, submerged in water. The glass pipette delivers a stream of air bubbles against the 


inside surface of the jar which induces the larvae to migrate towards and attach themselves 


to that portion of the wall being aerated by the rising bubbles of air. 
Fias. 2,3, and 4. Showing jar as in Figure | after the larvae have attached themselves to 
the wall of jar and the vegetation has been removed. 
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(3) After removal of vegetation and counting of larvae, the acual testing could 
be started, either on the afternoon of the day on which the larvae were collected, 
or first thing on the following morning. The requisite amount of DDT-acetone 
solution was added (see below), the amount of acetone solvent being standardized 
as far as possible to 0.1 ml. to 5,000 ml. water in the glass jar. The DDT-ace- 
tone solution was added slowly drop by drop, the agitation produced by the 
rapid stream of air bubbles ensuring rapid mixing. At the end of the exposure 
period—1 hour in most cases—the water in the jar was quickly poured into a 
white enamelled inspection dish, the jar quickly rinsed round with clean water, 
and then rapidly filled up to the 5,000 ml. mark with clean stream water. If this 
operation was carried out with the minimum delay there was no tendency for 
larvae to become dislodged during the very brief period when they were exposed 
to air, and this method was therefore considered to be much more simple and 
effective than any arrangement to maintain the level of the water in the jar 
while the treated water was being replaced by clean water. 

Twenty-four hours after the exposure the live larvae still attached to the wall 
of the jar in the stream of air bubbles were counted. The contents of the jar 
were then quickly poured into the inspection dish as before, and the jar was 
filled up to the mark with clean water. A count was made of the dead larvae in 
the inspection dish, and any larvae showing signs of life were returned to the test: 
jar by means of a pipette. 

This process was repeated 48 hours after exposure, after which the experi- 
ment was terminated. During this 48-hour period, the mortality in untreated 
controls was seldom more than 10 per cent. In controls exposed to solvent alone 
(acetone) the mortality was negligible after 24 hours, but appreciable—up to 
23 per cent—after 48 hours. In each case the mortality was adjusted according 
to Abbott’s formula, 


_ Actual mortality % — Control mortality % 


Adjusted mortality % — — X 100. 


~ 100 — Control 

The process of counting large numbers of Simulium larvae of all stages, and 
classifying them into arbitrary categories was inevitably subject to error. In 
order to counteract this as far as possible a simple system of double-checking 
counts was used, based on the fact that—with the exception of the youngest 
larvae—dead larvae were easier to count than live ones. To the total dead and 
live larvae counted after 48 hours was added the number of pupae which had 
appeared since the previous count. This combined figure should show a reasonably 
close agreement with the number of larvae still alive after 24 hours. In the same 
way the total number of live and dead larvae counted after 24 hours, plus the 
number pupating during the 24 hours after exposure, should give a close approxi- 
mation to the initial number of larvae exposed. Larvae which pupated during 
the 24 hours after exposure were not included in the mortality figures. 

The very early instar larvae required special treatment in that while they could 
be counted simply enough when they were alive, their dead bodies were so small, 
and disintegrated so rapidly in the turbulent water of the jar that mortality 
figures had to be based on counts of live survivors alone. It is important to keep 
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a separate account of the youngest larvae as their reactions may differ substan- 
tially from those of full grown larvae. 

The experiments showed the importance of considering both 24-hour and 
48-hour mortalities. At some of the higher concentrations used many larvae 
were obviously affected and unable to re-attach after 24 hours, but they could 
not strictly speaking be classified as ‘dead’. By the end of 48 hours, however, 
all such larvae were dead, and a truer estimate of the full effect of the insecticide 
could be reached. 

It is sometimes difficult, particularly at the more lethal concentrations, to 
say what proportion of the mortality could be attributed to direct insecticidal 
effect and how much was due to secondary effects of the insecticide causing 
larvae to become dislodged. Healthy larvae which become detached in the test 
jars usually have no difficulty in becoming re-attached and finding their way 
gradually back to the point of maximum water movement where presumably 
their chances of survival are greatest. But weakened larvae which become de- 
tached would have their chances of survival further reduced by being stranded 
away from the direct stream of air bubbles. Although this distinction might not 
be one of much significance in practical control, as a high mortality would be 
expected among larvae dislodged from their anchorage in a swift stream, never- 
theless it would be useful to have a rather more accurate idea of the mode of 
action of the insecticide. 

Insecticide solution used. The first series of experiments were carried out with 
DDT, and the following stock solutions were used in a graded series of dilution. 

(a) A 10% solution of technically pure DDT in acetone.’ 

(b) An 0.5% solution of DDT in acetone (ie 1:200) produced by diluting 1 ml. 
soln. (a) with 19 ml. acetone. 

(c) An 0.05% solution of DDT in acetone (ie 1:2,000) produced by diluting 
1 ml. soln. (b) with 9 ml. acetone. 

(d) An 0.005% solution of DDT in acetone (ie 1:20,000) produced by dilut- 
ing 1 ml. soln. (c) with 9 ml. acetone. 

The volume of water in the test container was 5,000 ml. and the two following 
examples show how the requisite range of insecticide concentration could be 
produced. 

0.1 ml. soln. (c) added to 5,000 ml. water will give a concentration of 0.01 
parts per million of DDT. 

0.1 ml. soln. (d) added to 5,000 ml. water will give a concentration of 0.001 
ppm. of DDT. 

As these small volumes of DDT /acetone solution were added to a large volume 
of water violently agitated by a stream of air bubbles, it was assumed that the 
DDT was rapidly and uniformly diffused throughout the water, and that there 
would be a close agreement between the calculated concentration and the con- 
centration actually existing in the water in the container. Support for this assump- 
tion is provided by the fact that high mortalities were produced. (in Simulium 
damnosum larvae at least) by an exposure of 1 hour to such a low concentration 


2 DDT complying with W.H.O. specifications—p, p’ content 78.00%. 
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as 0.005 ppm., and that surprisingly consistent results were obtained at this and 
even lower concentrations. However, it is extremely difficult to say what happens 
to this minute quantity of DDT in a large volume of water, and it would be 
advantageous to have a direct measure of the DDT concentration during the 
course of the exposure period. There were no opportunities for doing this in the 
present series of experiments. 


SUMMARY 


A new technique is described for studying the reactions of Simulium larvae to 
insecticides in the laboratory. By means of a constant stream of air bubbles 


directed against the inner walls of a large glass test jar, submerged larvae are 


induced to leave the vegetation on which they were fixed and to become attached 
to the inner wall of the jar at the point of maximum turbulence. In this position 
they can be counted and observed throughout the experiment. 

The larvae receive no handling at all, and mortality in untreated controls 
remains low for at least 48 hours after larvae have been collected from the field. 
The water in the experimental jars is replaced with fresh stream water 2 or 3 
times during the course of each experiment, and there is no need for a constant 
supply of untreated and unfiltered running water. 

The technique has been worked out with particular reference to Simulium 
damnosum, which react well to these experimental conditions. 
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Il. THe Reactions or Simutium pamMnosum LARVAE TO DDT! 
R. C. MUIRHEAD-THOMSON 
The Liberian Institute of the American Foundation for Tropical Medicine, Inc., Harbel, Liberia 


The technique described in the first paper of this series (Muirhead-Thomson, 
1957) was originally worked out in relation to Simulium damnosum, although it 
can be applied to other species as well. 

Larvae of S. damnosum attached to submerged vegetation were collected from 
the perennial streams which form important breeding places in plantation areas 
10-15 miles from the Institute. They were quickly transferred to the laboratory 
and treated in the manner described previously. The bulk of the experiments 
were done with DDT in the form of an acetone solution.? A shorter series of 
experiments, described separately, were carried out with DDT, E.C. (emulsi- 
fiable concentrate). 


EXPERIMENTS WITH DDT IN ACETONE 


Preliminary tests of a l-hour exposure to DDT concentrations of 10, 1, and 
0.1 parts per million all gave 100 per cent mortality after 24 hours, and attention 
was therefore directed to a lower range of concentration, from 0.01 ppm to 
0.001 ppm, with a standard exposure of 1 hour. The tests inevitably included S. 
damnosum larvae of all stages, and it soon became evident that in some cases the 
reactions of the youngest larvae tended to differ from those of full grown larvae. 
For the purpose of strict comparison between different insecticide concentrations 
therefore, figures referring to numbers of full grown larvae alone were used. The 
reactions of young larvae were considered separately. The experiments were 
carried out at 25°-26° C. 

While the majority of the experiments used a standard exposure of 1 hour to 
different concentrations of DDT, a smaller series of experiments was also carried 
out in which larvae were exposed to a select concentration—0.01 ppm in the 
case of damnosum—for 5 and 15 minutes. As described in the first section, all 


mortalities in treated samples were adjusted by Abbott’s formula as follows: 
:, Actual mortality % — Control mortality % 
Adjusted mortality = ae ——— X 100. 
100 — Control 


The results are shown in Tables 1, 2, and 3. 


1 This investigation was supported in part by a research grant (RG-4533) from the 
National Institutes of Health, Public Health Services. 

2 DDT provided by WHO and complying with WHO specifications for DDT technical 
p, p’ isomer content 78.00%. 
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TABLE 1 
Reactions of Simulium damnosum larvae to DDT in the laboratory 
Full grown larvae exposed to varying concentrations for 1 hour, and subsequent mor- 
tality noted after 24 hours and 48 hours. (DDT used in acetone solution). 
Concentrations of 10 parts per million, 1 part per million, and 0.1 part per million all 
gave 100% mortality after 24 hours 
Number Alive after Per Cent Mortality 
Number Total : : 


of Full aac : o- = 
Experi- Grown 24 hours 48 hours 
ments Larvae 24 hours | 48 hours 


Concentration 
Obs. Adj.* Obs. Adj. 
0.01 ppm ; 112 ; 73% 72% 99% 99% 
0.005 ppm 205 28 48° 47% 86° 82% 
0.002 ppm f 184 38 34° 33% 58‘ 15% 
0.001 ppm : 201 8% 6% 39° 21% 
0.0005 ppm 121 8 6% 19° — 
A. Control. 0.1 ml. 202 55 2 23° 

acetone alone in 

5,000 ml. water. 
B. Control. Com- r 149 145 127 

pletely untreated. 


* Adj. is Adjusted mortality, worked out according to Abbott’s formula. 


Actual mortality % — Control mortality % 


Adjusted mortality % = ° X 100 
100 — Control 


TABLE 2 
Reactions of Simulium damnosum larvae to DDT in the laboratory 
Full grown larvae exposed to 0.01 ppm. for 5, 15 and 60 minutes: 


> » N alitv 
iailis Dihies ~~ Cent Mortality 


Number of Total Full after 


: 9. x 
Exposure Experiments/Grown Larvae 24 hours 48 hours 


24 hours | 48 hours Obs. Adj. Obs. Adj. 


60 minutes 3 112 30 1 73% 72% 99% 99% 
15 minutes 3 110 66 21 40% | 38% 72% 67% 
5 minutes 3 219 199 | 133 | 9% | % 39% 28% 


Adjusted mortality for 60 minute-exposure based on A. Control. Adjusted mortality 


for 15- and 5-minute exposures based on B. Control. 


TABLE 3 
Reactions of Simulium damnosum larvae to DDT in the laboratory 
Comparison between effect of DDT on young and on full grown larvae. 


24-Hour Mortality (Observed) 


Exposure : 
Young larvae Full grown larvae 
0.005 ppm for 1 hour. 100% 48% 
0.01 ppm for 15 minutes 100% 40% 
0.01 ppm for 5 minutes 88% 9% 
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RESULTS 

(1) Full grown damnosum larvae. One-hour exposure. As mentioned above, 
exposure of damnosum larvae for 1 hour to concentrations of DDT from 0.1 ppm 
upwards produces 100 per cent mortality after 24 hours. At the lower end of the 
scale a l-hour exposure to 0.001 ppm produced no appreciable mortality after 
24 hours (as compared with acetone-only control) but the 48-hour mortality 
was nearly twice that of the control. It appears that this may be the very lowest 
concentration at which DDT begins to produce a slight but distinct effect, an 
effect which is not apparent until 48 hours after exposure. 

At 0.002 ppm there is a clear increase in the 24-hour mortality as compared 
with the control, and this may be taken as the lowest concentration of DDT to 
produce a significant mortality 24 hours after a 1-hour exposure. 

The relationship between dosage and mortality in this range of 0.001 ppm to 
0.01 ppm is best indicated by the standard procedure of plotting log concentration 
against probit values of mortalities, and fitting by eye a straight regression line. 
From this regression line it is possible to obtain a reasonably accurate figure for 
the LDso, i.e., the concentration of insecticide sufficient to produce a 50 per 
cent mortality 24 hours after a 1-hour exposure, by interpolating the concen- 
tration which corresponds to the probit mortality value of 5.0. Under these 
conditions the LDso is approximately 0.005 ppm. 

For reasons described in the first report it is considered that the 48-hour mor- 
tality may also have to be considered when studying the reactions of Simulium 
larvae to insecticide, in which case the regression line shows that the LDso under 
such conditions would be approximately 0.002 parts per million. 

(2) Full grown larvae. Varying exposures. The results of these experiments 
show that a 5-minute exposure to 0.01 ppm is approximately the lowest exposure 
to produce any significant mortality, the effect only becoming apparent in the 
48-hour mortality figure. The effects of a 5-minute exposure to 0.01 ppm appear 
to be much the same as those of a l-hour exposure to 0.001 ppm. When the 
exposure to 0.01 ppm is increased to 15 minutes there is a sharp increase in the 
24-hour mortality, the effect produced being greater than that of a 1-hour ex- 
posure to 0.002 ppm but not as great as a l-hour exposure to 0.005 ppm. 


TABLE 4 
Reactions of Simulium damnosum larvae to DDT in the laboratory 
Reactions of full grown larvae to DDT, E.C. (Emulsifiable concentrate 20%). 


| | Per Cent Mortality 
| 


Number Alive 
Total | after 


Experi- Full-grown 24 hrs. 
ments Larvae << 


Concentration | Number of -_ EET ST 
of DDT } 


| 24 hours | 48 hours | Obs. 
0.01 ppm. 178 «=| 108 | 41 | 39% 
0.005 ppm. 4 131 | 116 9 | 12% 
Control. Comple-| 149 145 127 3% 
tely untreated. 


Actual mortality % — Control mortality % 


. xX 100. 
100 — Control 


* Adjusted mortality = 
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(3) Experiments with young larvae. Owing to the large number of early instar 
larvae used in these tests, and the difficulty in detecting the dead bodies of such 
small larvae, observations were based on live counts alone and were restricted 
to 24-hour mortalities. The results show that in most cases the early instar 
larvae of S. damnosum are more susceptible to the effects of DDT, and react 
more quickly, than do the full grown larvae. For example, 100 per cent mortality 
after 24 hours is produced by a 1-hour exposure to 0.005 ppm, or to a 15-minute 
exposure to 0.01 ppm; the corresponding observed mortalities for full grown 
larvae are 48 and 40 per cent respectively. The difference between the reactions 
of very young and of full grown larvae was particularly marked on a 5-minute 


0 


Probit Values 








1.40 1.60 
Log Concentration 


Cuart 1. Log concentration of DDT and Probit values for mortalities. 48-hour mortal- 
ities of full-grown Simulium damnosum larvae after a 1-hour exposure. 
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exposure to 0.01 ppm—80 per cent mortality as compared with 9 per cent. With 
an exposure of 1 hour to 0.002 and 0.001 ppm. results became very variable and 
it was not possible to form an accurate comparison between young and full 
grown larvae. 

From these figures it appears that the susceptibility of the youngest larvae is 
more marked with short exposures to higher concentrations of DDT than with 
longer exposures to lower concentrations. 


Probit Vaules 


¥ 
° 


he 


20 Tl70 1-00 








Log Concentration 


Cuart 2. Log concentration of DDT and Probit values for mortalities. 24-hour mortal- 
ities of full-grown Simulium damnosum larvae after a 1-hour exposure. 
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Experiments with DDT, E. C. (Emulsifiable concentrate). For field control of 
Simulium larvae, insecticide is commonly applied either in the form of an 
emulsion (watery dilution of an emulsifiable concentrate) or as a water dilution of 
a wettable powder. Using DDT in the form of a 30 per cent emulsifiable con- 
centrate a series of tests were carried out at two significant concentrations, namely 
0.01 ppm and 0.005 ppm, DDT, for 1 hour. The results are shown in Table 4. 

These tests indicate that under these laboratory conditions DDT in emulsion 
form appears to be rather less effective than DDT in acetone solution, at these 
low concentrations at least. For example, DDT in emulsion form produces a 
48-hour mortality of 73 per cent after a 1-hour exposure. By interpolation from 
Chart 1. much the same effect would be produced by DDT in acetone solution 
at a concentration of 0.004 ppm. In the same way, a 1-hour exposure to 0.005 
ppm of DDT in acetone solution produces a high mortality—already evident 
after 24 hours (Chart 2). In emulsion form, however, this concentration produces 
only a minimum effect, even less than that produced by DDT in acetone at 0.001 
ppm. The varying composition of emulsifiable concentrates renders it rather 
pointless to pursue this comparison further, but the results do indicate the value 
—in practical control —of preliminary laboratory tests with the insecticide in the 
same formulation as will be used in the field. 


DISCUSSION 


The results of these laboratory tests indicate that the larvae of Simulium 
damnosum are affected by lower concentration of DDT than those normally 
used for control of breeding places. Reports from different countries show that 


a widely accepted standard for control of Simulium larvae in general is 0.1 ppm 
of DDT for varying periods of exposure up to 1 hour, and although higher con- 
centrations of 1 part per million or more have been used for field control of 
Simulium damnosum it has been recognized for some time that these dosages 
are unnecessarily high. 


In the present laboratory tests high mortalities were produced by a 1-hour 
exposure to a concentration of DDT as low as 0.005 ppm, or a 15-minute exposure 
to 0.01 ppm. With a 1-hour exposure to 0.01 ppm a sufficiently high mortality 
was produced as to suggest that this exposure and concentration might be 
sufficient to bring about effective control in the field. 

In the almost complete absence of any published records of laboratory tests of 
this kind, that is to say tests in which reasonably consistent results were ob- 
tained, there are no exact figures with which to compare the present findings. 
From the literature on field control of Simulium however, there are indications 
that the low concentrations of DDT found effective in the present laboratory 
experiments may be of direct practical application. 

For example, in the control of Simulium breeding in the Saskatchewan river 
by means of DDT (Fredeen ef al., 1953) it was found that effective control was 
produced at concentrations much lower than the calculated dosage. In one experi- 
ment, the river was treated with DDT at the rate of 0.39 ppm, and effective 
control was produced for at least 39 miles downstream. Three miles downstream, 
where control was completely effective, the DDT content of the river water was 
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found to be in the range of 0.0035 and 0.0053 ppm, which was very much lower 
than expected. 

In control work in Guatemala (Lea and Dalmat, 1955) effective control was 
achieved in small streams by 0.1 parts per million of DDT for varying exposures 
between 3 minutes and 1 hour, depending on the type of stream. One experi- 
ment with DDT at 0.05 ppm for 1 hour cleared the larvae from 550 feet of stream. 
At 0.005 ppm with an exposure of 1 hour, DDT produced effective control for 
160 feet. A further reduction in DDT concentration to 0.001 ppm left the larvae 
unharmed. 

Although Simulium control by means of treating the breeding places with 
DDT has been remarkably successful in many countries, the actual concentration 
of insecticide required and the exposure necessary have had to be worked out on 
a trial and error basis, in the almost complete absence of basic laboratory data. 
Laboratory results of course do not necessarily have an immediate direct bearing 
on field application, but nevertheless it is felt that the test methods used with 
Simulium damnosum, and the nature of the results obtained, should provide 
basic figures of wide application. It is considered too, that the technique is 
sensitive enough to indicate any appearance of increased tolerance to insecticide 
on the part of Simulium larvae. 

The results also reveal differences between the reactions of very young and 
full grown larvae to insecticide. Further experiments in progress indicate that 
there may be measurable differences between the reactions of different species 
of Simulium, under the conditions of laboratory exposure at least, and it would 


be well to bear in mind that the results obtained with S. damnosum may not be 
of immediate application to other important species such as Simulium neavei in 
Africa, or to the Simulium vectors of onchocerciasis in Central America. 


SUMMARY 


DDT in acetone solution produces a high mortality among Simulium 
damnosum larvae at concentrations much lower than normally used in field 
control. After a 1-hour exposure the LDspo is 0.005 parts per million on a 24-hour 
basis, and 0.002 ppm. on a 48-hour basis. Mortality approaches 100 per cent 48 
hours after a 1-hour exposure to 0.01 ppm. A 30 per cent emulsion concentrate 
formulation tested was rather less effective, under laboratory conditions, than 
DDT in acetone. 
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Harbel, Liberia 


Larvae of Simulium damnosum were exposed to various concentrations of 
Dieldrin in exactly the same manner as in previous tests with DDT (Muirhead- 
Thomson, 1957, I, II,). In this series of experiments however, pure re-crystal- 
lized HEOD was not available till a late stage, and the initial and more detailed 
experiments were carried out with Dieldrin 20% E. C. (Emulsifiable concen- 
trate).2 When the pure HEOD became available a seasonal scarcity of 
S. damnosum larvae limited the number of experiments. 

The results of the experiments are shown in Tables 1 and 2. As might be 
expected from the greater known toxicity of Dieldrin as compared with DDT, 
Simulium damnosum larvae are affected at much lower concentrations than with 
DDT. An exact comparison is rather difficult in this case because the Dieldrin 
in emulsion form appears to be more effective than the corresponding concen- 
tration of HEOD in acetone, whereas in the case of DDT the emulsifiable con- 
centrate tested was less effective than DDT in acetone. However, some indi- 
cation may be obtained if we compare the best results obtained with Dieldrin 
(E.C.) with the best results obtained with DDT (acetone solution). On this basis 
it will be seen that a concentration of 0.001 parts per million of Dieldrin is more 
effective than DDT at 10 times that concentration—0.01 ppm (as judged by a 
l-hour exposure). 

Dieldrin still produces a high mortality (56 per cent on a 48-hour mortality 
basis) at 0.0005 ppm, but below that figure mortality falls off rather sharply 
with further decreases in concentration. This rapid fall in toxicity is more strik- 
ing when the 24-hour mortality is considered; with Dieldrin E. C. the 24-hour 
mortality after a l-hour exposure is 100 per cent at a concentration of 0.001 
ppm, but only 24 per cent at 0.0005 ppm. With Dieldrin in acetone the corre- 
sponding figures are 60 and 7 per cent. This rapid fall-off in efficacy of Dieldrin 
below a certain point is in rather striking contrast to DDT in which, over quite 
a wide range of concentration—0.01 to 0.001 ppm—the steady fall in mortality 
is almost directly proportional to the decreasing concentration of insecticide. 


1 This investigation was supported in part by a research grant (RG-4533) from the 
National Institutes of Health, Public Health Service. 

2 IT am grateful to Shell Company of West Africa for providing me with the Dieldrin 20% 
E.C., and to the Shell Chemical Corporation, New York, for supplying the sample of HEOD. 
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TABLE 1 


Reactions of full grown Simulium damnosum larvae to Dieldrin (E. C. 20%) 
in the laboratory 
Concentration of 1 part per million, 0.1 ppm, 0.01 ppm, 0.005 ppm all gave 100% mor- 
tality in 24 hours. 


% Mortality 


Number of Number alive after —_ 


r : . Total full 
Concentration experi- nay, Heoers 24 hrs. 48 hrs. 
sain grown larvae : 


24 hrs 48 hrs Observed Adj.* Obs. Adj. 


0.001 ppm. 
0.0005 ppm. 
0.0002 ppm. 
0.0001 ppm. 
Control 


0 100% 100% 

53 27 26% 24% | 63% | 56% 
123 103 2% 0% | 18% 4% 
69 54 3% 0% | 24% | 10% 
145 127 3% 15% 


to bt Ww bo 


; ; Actual mortality % — Control mortality % 
Adjusted mortality % = ; x 100. 
100 — Control 


TABLE 2 
Reactions of full grown Simulium damnosum larvae to Dieldrin in acetone 


(recrystallized HEOD in acetone) in the laboratory 


a % Mortality 

- s eT a y 

Number of Total full after 

Concentration experi- grown 24 hrs. 
ments larvae 


24 hrs. 48 hrs. Obs Adj. 


0.0002 ppm 100 97 76 
0.0005 ppm : 81 73 53 10% 
0.001 ppm. , 106 41 29 61% 60% 


SUMMARY 


Under laboratory conditions a 1-hour exposure to Dieldrin produces a 24-hour 
mortality of 100 per cent in full grown Simulium damnosum larvae at various 
concentrations down to 0.001 parts per million. Dieldrin (HEOD) in 
acetone was effective less than a 20 per cent emulsifiable concentrate tested. 
Although 0.001 ppm produces such a high mortality, the efficiency of the insecti- 
cide falls off rapidly below that point, and there is no appreciable effect after a 
1-hour exposure to 0.0002 parts per million. In comparing the best results ob- 
tained with Dieldrin—in emulsion form—with the best results obtained with 
DDT—in acetone—Dieldrin appears to be effective at concentration at least 
10 times lower than with DDT. 
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National Institute of Health, Tokyo, Japan; School of Tropical and Preventive Medicine 
and School of Medicine, College of Medical Evangelists, Loma Linda, California 


Previously reported intoxications resulting from the ingestion of poisonous 
molluses have been primarily concerned with pelecypods in either paralytic 
shelfish or venerupin poisoning. Most instances of fish poisoning can be readily 
classified as one of the ordinary types of ichthyotoxism or bacterial food poison- 
ing. The present series of intoxications do not seem to fit any of the recognized 
types. A list of these outbreaks which recently occurred in Japan from cephalopod 
and fish poisoning appear in Table 1. 


CLINICAL CHARACTERISTICS 


The symptomatology was essentially the same in most cases regardless of the 
causative agent. The incubation period varied from 10 to 20 hours. The pre- 
dominant symptoms consisted of nausea, vomiting, abdominal pain, diarrhea, 
fever (38-39°C.), headache, chills and weakness. In a series of 92 patients which 
were studied quite critically in the Sakata outbreak resulting from squid, it was 
found that three of the victims developed paralysis and three others convulsions. 
In a series of 228 patients in the Miyake Island outbreak from mackeral scad, 
two of the victims developed an exanthema. These were the only significant 
deviations from the usual clinical pattern that were noted. The abdominal 
pain and diarrhea were the dominant symptoms, and were present in more than 
75 per cent of the cases. Most of the patients recovered and were without symp- 
toms within a period of about 48 hours. The largest series of fish intoxications, 
in which there were 4,511 known consumers and 1,113 victims developing 
symptoms, showed a morbidity rate of 24.6 per cent. In the largest series of 
squid intoxications there were 2,202 consumers and 598 victims, or a morbidity 
rate of 27.1 per cent. A total of 5 persons died in this particular series of squid 
intoxications, giving a mortality rate of 0.84 per cent. 


EPIDEMIOLOGY 


Source of the food: squid, or yariika in Japanese (Ommastrephes sloani pacificus). 
The squid causing the outbreak in the Yamagata Prefecture were captured in 
the vicinity of Tobishima Island, Japan Sea, about 35 Km. northwest of Sakata 
City. The outbreaks in the Niigata Prefecture were caused by squid taken in 
the vicinity of Sado Island, Japan Sea, off Niigata city. However, there were 
no intoxications resulting from squid eaten during this same period captured 
near Hachinobe, Aomori Prefecture, which borders the Pacific Ocean. 

! This investigation was aided in part by a grant from the National Institutes of Health, 
Public Health Service (Grant No. RG-2366, C6). 
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TABLE 1 
A list of recent outbreaks of cephalopod and fish poisonings in Japan 


Causative agent Locality o> bead | Deaths 








1952 Squid, Ommastrephes sloani pa- Niigata Pre 1 
cificus Schauinsland fecture 
1953 vs . 
1954 | . 
June, 1955 | Nagano Pre 
fecture 
June 17-July| Sakata, Ya- 
7, 1955 | magata Pre- 
| fecture 
June-July, ‘ | Niigata Pre- 
1955 fecture 
July 11, 1955 . e, 
Aug—Sept., | ; . 
1955 
June 8-Aug.) Octopus, Octopus vulgaris La-| Tokyo 
8, 1955 marck, and O. dofleini (Wiilker) 
June-Sept., | Fishes, Trachurus japonicus(Tem-| Niigata Pre- 
1955 minck and Schlegel), Pneumato-|__fecture 
phorus japonicus (Houttuyn),| 
and Prognichthys agoo (Tem-| 
minck and Schlegel) 
Sept. 6-15,| Fishes, Decapterus lajang Bleeker,| Miyake Island 
1955 D. macrosoma Bleeker, and D.| 
muroadsi Temminck and Schle- 
| 
Mikura Island) 
Hachijo Is-| 
land 


387 5,033 


* This particular outbreak was an experiment in which 50 persons ingested squid and 15 
subsequently became intoxicated. 


Octopus, or madako, mizudako, yanagidako in Japanese (Octopus vulgaris, O. 
dofleini). The octopuses responsible for the Tokyo outbreak were captured in 
the vicinity of Hokkaido, and along the east coast of the northern tip of Honshu 
in a region called the coast of Sanriku. A few octopuses were also taken near 
Sado Island. The local inhabitants around Sendai, Miyagi Prefecture, have the 
saying ‘“The octopus may be safely eaten in August, but not in September.” 

Mackerel scad, nagamuro in Japanese (Decapterus lajang, D. macrosoma, D. 
muroadsi). The mackerel scad causing the outbreaks in Miyaka, Mikura and 
Hachijo Islands were captured in the vicinity of Mikura Island, off the south 
central coast of Honshu. 

The Japanese horse mackerel, or maaji (Trachurus japonicus), common 
Japanese mackerel, or masaba (Scomber japonicus), and the flying fish, or tobiuwo 
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(Prognichthys agoo), which caused the outbreaks in the Niigata Prefecture were 
apparently taken along the coastal waters of that region. 

Time of capture. All of the causative agents were captured during the period 
in which the intoxications took place, i.e., from about the first of June to the 
middle of September. 

Physical factors. No unusual meteorological or oceanographic conditions were 
reported during the period in which the outbreaks took place. All of the intoxi- 
vations, however, occurred during the warm summer months of the year. 

Preservation of the food. There was no evidence of ordinary bacterial food 
contamination. The incriminated material was believed to have been fresh, and 
in most instances prepared for eating within several hours after capture. The 
bulk of the cooked food was eaten within one hour after preparation. 

Method of preparation. The squid were eaten raw or cooked by a variety of 
methods. The octopuses were almost always eaten with vinegar or soy sauce 
after boiling. Moreover, they were sold on the markets only after having been 
boiled. The fishes were broiled, boiled, or eaten raw. In no instance was the 
method of preparation observed to have any significant bearing on the altera- 
tion of the incubation period or in the development of symptoms. 

Miscellaneous factors. The age, sex, or occupation of the patients were not 
found to have any significant bearing in any of the outbreaks. 


EXPERIMENTAL RESULTS 


Bacteriological. Samples of flesh were removed from both the toxic and non- 
toxic squid used in the Niigata experiment (See Table 1). These samples were 
preserved for subsequent examination by freezing with dry ice. Bacteriological 
examination of this material was later made by ordinary agar, S-S agar, liver 
and liver broth media. Routine agar plating revealed low bacterial counts, 
ranging from several hundreds to several thousands per gram of original squid 
flesh. There were no marked differences observed in the counts taken from the 
toxic and the nontoxic squid samples. Most of the bacteria isolated from the 
agar plates were found to be members of such genera of marine bacteria as 
Achromobacter, Serratia, and Pseudomonas. A small number of colonies were 
produced on S-S agar medium when a loopful of the minced flesh of either the 
toxic or nontoxic squid was inoculated. No bacteria known to cause any of the 
ordinary types of bacterial food poisonings were found to be present. Moreover, 
intraperitoneal injections of the supernatant fluid of the liver-liver broth culture 
failed to show any appreciable toxicity in mice. Betaine, which is present in 
large amounts in squid muscle, has been reported to enchance the toxicity of 
Escherichia coli during certain stages of its growth. However, even the addition 
of betaine to the culture medium containing the 47 strains of bacteria which 
were isolated from the squid samples failed to show any evidence of enhancing 
the toxicity of any of the bacteria. 

The public health laboratories of the Yamagata Prefecture isolated 10 strains 
of bacteria from samples of fresh squid. Six of the 10 strains were found to belong 
to the genus Proteus, and 3 were members of the genus Achromobacter. A remain- 
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ing species they were unable to identify because of poor growth. The oral or 
intraperitoneal injection of 9 of these strains of bacteria produced only a mild 
toxic reaction in mice. Again no organisms, either aerobic or anaerobic, known 
to be causative agents of any of the ordinary types of bacterial food poisonings 
were detected. This included a search for Clostridium botulinum and Cl. per- 
fringens. 

Chemistry. Samples of the squid from the Niigata experiment were tested 
for freshness. The NH;-N content of these materials was determined by means 
of Conway’s micro-diffusion method and were found to be less than 10 mg. per 
cent. Dyer’s picrate method revealed a trace of trimethylene-N content. The 
histamine content was estimated by MclIntire-Kadota’s method and only a 
trace was found to be present. There was no recognizable difference between the 
toxic and nontoxic squid samples. It was therefore concluded that putrefaction 
was not a factor in this particular series of intoxications. 

Extracts of the same Niigata squid samples were also tested by chromatog- 
raphy for putrefactive or biogenic amines. Extracts were prepared from minced 
squid samples with the use of 80 per cent methanol. The paper chromatograms 
were run using butanol-acetic acid-water (4:1:1), and then sprayed with nin- 
hydrin or diazo reagent. The pharmacological properties of the various spots 
were tested on mice. No evidence of histamine nor other known putrefactive 
amines were detected. Furthermore, no appreciable differences were noted in 
the chromatograms prepared from toxic squid and those from the innocuous 
ones. 

Pharmacology. The pharmacological activity of methanol extracts of the 
Niigata squid samples was tested on isolated strips of guinea pig intestine. No 
appreciable activity indicating the presence of histamine nor any other toxic 
substance was noted. 

The acetone soluble fraction was evaporated, and the residual re-extracted 
with water. Both extracts were concentrated in vacuo to a heavy syrup and 
then dissolved in water to make the volume equivalent to the original weight. 
Similar samples of squid were received from the Nagano outbreak and they were 
treated in the same manner. The acetone and water soluble fractions of the 
Yamagata material failed to stimulate any contractions of the guinea pig in- 
testine, whereas some of the Nagano extracts did produce intestinal contractions. 
The rate of contractility was equivalent to that produced by several gamma of 
histamine. 


DISCUSSION 


Despite the fact that samples of the toxic materials were sent to various pre- 
fectural public health agencies concerned with the outbreaks for bacteriological, 
pharmacological and chemical evaluation, none of the tests employed gave any 
indication as to the causative agent(s) of the intoxications. Ingestion of fresh 
squid by 50 human volunteers resulted in pronounced toxic gastrointestinal 
symptoms in 15 individuals. 

The possibility that these intoxications might have been due to Clostridium 
perfringens has been suggested. A comparison of the symptoms observed in Cl. 
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perfringens intoxications as given by Osterling (1952) and Hobbs et al. (1953), 
with those of the present outbreaks is significant. Clinical characteristics con- 
sistent with food poisoning outbreaks due to Cl. perfringens are the short incuba- 
tion period, abdominal pain, diarrhea, and rapid recovery. The symptoms 
present in the Japanese outbreaks which did not favor Cl. perfringens as the 
cause, were headaches, chills, and weakness. Moreover, Cl. perfringens food 
poisoning is characterized by abdominal pain and diarrhea in all of the reported 
vases, but these symptoms were present in only 75 per cent (approximately) of 
the Japanese series. In the Sakata outbreak three each of the victims developed 
paralysis and convulsions, symptoms which have not been reported in food 
poisoning due to Cl. perfringens. Proven instances of fatalities have not been 
reported for Cl. perfringens food poisoning, but in the Niigata series there was a 
mortality rate of 0.84 per cent. In practically all known food poisonings by Cl. 
perfringens the meat was cooked one day, permitted to cool slowly, and then 
usually remained at room temperature until the following day. In our series 
the cephalopods and fishes were eaten within several hours after capture and 
within an hour after cooking. Fresh material also resulted in intoxication. Finally 
very thorough bacteriological examinations failed to confirm the presence of Cl. 
perfringens. However, laboratory studies on the problem are continuing. 


SUMMARY 


During the period from 1952 to September 1955 there occurred in Niigata, 
Yamagata, and Nagano Prefectures, Japan, a series of intoxications from squid 


and octopus, involving 758 known outbreaks and a total of 2,874 persons. From 
June to September 1955 there were a minimum of 108 outbreaks, involving 2,159 
persons in the Niigata Prefecture, Miyaka, Mikura, and Hachijo Islands, caused 
by scombroid and carangid fishes. The actual number of persons involved is 
believed to be considerably greater than is indicated by the preceding figures. 
The morbidity rate for the cephalopod intoxications was 27.1 per cent, and the 
fish intoxications 24.6 per cent. The mortality rate was found to be 0.77 per cent 
in given series of fish poisonings, and 0.84 per cent for the cephalopods. All 
of the intoxications occurred during the months of June through September. 
The symptomatology was that of a gastrointestinal upset. Neurological symp- 
toms were largely absent, and the patients generally recovered within a period 
of 48 hours. Bacteriological tests failed to show evidence of any of the ordinary 
types of bacteria known to cause food poisonings. The etiology of these outbreaks 
is still unknown, but epidemiological studies are continuing. 
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RELATIONSHIP OF TEMPERATURE TO MOLLUSCICIDAL 
ACTIVITY! 


ROBERT E. KUNTZ* 
U. 8. Naval Medical Research Unit No. 2, Taipei, Taiwan 


With the discovery of the first life cycle of a trematode parasite and the reali- 
zation that snails were obligatory hosts, Thomas (1883) proposed the use of salt 
and lime for molluse and liver fluke control in England. Since the first attempt 
at “‘mollusciciding”’ there have been numerous suggestions for the control or 
eradication of snails which serve as the intermediate hosts for the trematode 
parasites of man and his domestic animals. Investigations directed toward 
mollusc control have progressed along two general lines: those advocating control 
by biological means and those which have emphasized control by the use of 
chemicals or snail poisons. On the other hand there is a third group which sup- 
ports the belief that the control of helminth diseases, especially schistosomiasis, 
through snail control is impractical. The last group prefers to think in terms of 
treatment of the definitive hosts after infections have been established. Actually, 
successful control of helminthic diseases demands a combination of approaches. 

Chandler’s work of 1920, describing the molluscicidal properties of copper sul- 
fate, constituted one of the early major steps in the field of development of snail 
killing agents. Since that time numerous chemicals have been evaluated in the 
laboratory and in the field, and a few have been accepted as possibly of practical 
value in the control of schistosomiasis. For the most part stress in this line of 
endeavor has been from the chemical point of view, i.e., the effect of selected 
compounds upon the snail and its governing enzyme systems. Relatively little 
attention has been given to the role that physical factors may play toward the 
welfare of the snail, or to the possible relationship of habitat characteristics, es- 
pecially physical, to molluscicidal efficacy. The significance of heat, or more spe- 
cifically the variations in temperature, to physiologic processes in living animals 
has been recognized for years and it seems that this factor may be worthy of con- 
sideration from the standpoint of practical snail control. 

In temperate zones snail habitats are subjected to definite seasonal fluctua- 
tions of temperature. This is especially true in Egypt where the snail hosts 
(Biomphalaria and Bulinus) of the human schistosomes live in open canals in 
which maximum temperatures (30°-32° C.) during the hotter seasons are suffi- 
ciently high obviously to affect the snails. During the period of June through 
August, especially in the shallower canals, snails seek protection from the sun 
and congregate in the shade of overhanging vegetation under growths of aquatic 
plants, corn leaves or debris. When the water temperatures exceed 30° C. some 
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snails come to the surface “gasping” for oxygen which has been greatly re- 
duced as a result of elevated temperatures. At this time the snail is physically 
and physiologically more vulnerable to any toxicant that may be introduced into 
its habitat. 

The present report demonstrates, in general, the relationship of temperature 
to the molluscicidal activity of three chemicals (dinitro-o-cyclohexylphenol 
(DCHP); sodium-pentachlorophenate (NPCP); and copper sulfate (CuSQ,) 
against Biomphalaria boissyi in Egypt. 


MATERIALS AND METHODS 


The data upon which the present report is based were obtained from tests run 
in six porcelain bath tubs (250-300 liters capacity) sunk to ground level beside 
the laboratory. Numerous tests were made in these tubs over a period of four 
years since they allowed fairly accurate observation of the effects of test com- 
pounds upon snails in a habitat similar to that from which the snails had been 
dipped in nature. Biomphalaria boissyi was chosen as the test mollusc since it was 
available the year round from irrigation systems near Cairo. Snails were trans- 
ferred from the field to, and maintained in, stock storage ponds. A period of one 
to two weeks in ponds allowed adjustment of molluscs to the new habitat and also 
permitted elimination of snails which were infected, injured or otherwise consid- 
ered sub-standard as test animals. The ponds were provided with Nile mud and 
plants from the habitats from which snails were obtained. Limited quantities of 
native lettuce and Elodea were introduced since they provided an additional and 
dependable source of acceptable food. 

Four tests were run in each of the six tubs almost every week for a period of 
approximately two years, providing data for the present report. All tubs were 
exposed to the daily fluctuations of meteorological conditions except during the 
hotter months (June-September) when they were protected from direct exposure 
to sun by a plant fiber mat suspended seven feet over head. After filling the tubs 
with tap water, sufficient Nile mud was added to form a three-inch layer on the 
bottom. Aquatic plants were introduced from the stock ponds. Water stood for 
several hours to allow settling and partial clearing of water prior to introduction 
of 50 Biomphalaria of uniform size into each tub. Two of the six tubs were heated 
by a submerged electric heating unit. An electric, motor driven pump (opening 
enclosed by a 6” cylindrical guard of screen wire) circulated the water continu- 
ously and thus insured uniform temperatures throughout each heated tub. 

The quantity of test compounds necessary for a concentration of 3 ppm (parts 
per million) was determined on a weight/volume basis. Each of the 3 chemicals 
was dissolved in 1 liter of warm water which was poured into tubs. Temperatures 
were recorded twice daily in one heated and one non-heated tub. 

Snails were removed from test tubs at the end of 24 hours exposure and after 
rinsing twice in clean water, were transferred to 5-liter mouse jars containing 
aerated pond water. Observations and a record of deaths were made during the 
day. 

Data from observations in the field are based upon tests reported earlier (Kuntz 
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and Wells, 1951; Kuntz, 1956). Field tests were run in different lengths of irriga- 
tion and drainage canals in which schistosome hosts were present in quantities 
exceeding 3 snails per dip. Test plots were carefully dipped or surveyed before 
and after treatment. Test molluscs were transferred to the laboratory for obser- 
vations of effects of the molluscicide. 

The test materials included: (1) dinitro-o-cyclohexylphenol (DCHP) in 
powdered form; (2) sodium-pentachlorophenate (NPCP) in the pellet form (88 
per cent minimum active ingredient of which 75 per cent was sodium-penta- 
chlorophenate and approximately 13 per cent consisted of sodium salts of other 
chlorophenols); and (3) copper sulfate, commercial grade in the lump form pro- 
cured from the Bilharzia Snail Destruction Section, Ministry of Health, Cairo. 
DCHP and NPCP were obtained from the Dow Chemical Company. 


RESULTS AND DISCUSSION 


As investigations continue on the different phases of snail control and on the 
physiology of molluses, it becomes more obvious that molluscicidal efficacy in the 
laboratory as well as in the field is related to numerous factors. In Chandler’s 
-arly study (1920) with copper sulfate for killing snails, temperature was recog- 
nized as one of the factors influencing the effect of this chemical on organisms in 
water. Since that time, although the importance of temperature may not have 
been fully recognized, the inevitable relationship of temperature to the snail- 
killing potential of chemicals has been noted. Noland and Berry (1949) in evalu- 
ating chemicals in the field stated that low temperatures probably played a role 
in the lethal effectiveness of test compounds on snails. After 2 years of testing 
dinitro-compounds in Egypt, Kuntz and Wells (1951) were impressed by the 
gradations in efficacy of these compounds during different seasons of the year. 
During the months of June through September absolute snail kill was attained in 
small canals with only one-half the quantity of molluscicide required for similar 
results in tests made during the cooler months of the year. Since the latter work 
suggested the importance of temperature in snail control, Hoffman and Zakhary 
(1951) made a critical evaluation of temperature as related to molluscicidal ac- 
tivity of CuSQ,. With snails subjected to the toxicant under laboratory conditions 
the estimated LDs50 for CuSO, ranged from 13 ppm at 14° C. to 0.25 ppm at 
26° C. 

While the present report is not intended as a critical evaluation of the relation- 
ship of temperature to molluscicidal activity, Figure 1 clearly illustrates the gen- 
eral importance of temperature to the snail killing potential of DCHP, NPCP 
and CuSO, applied at 3 ppm. This figure indicates the influence of elevated 
temperature in test tubs for the series of tests run each month. Since the 
tests were conducted over a period of two years these data also indicate the 
seasonal mortality rates which roughly parallel the seasonal temperature curves 
recorded in both artificially heated and non-heated tub aquaria exposed to daily 
meteorological conditions. As an example only 51, 58 and 63 per cent of 
Biomphalaria were killed with DCHP at 3 ppm in tubs exposed to natural condi- 
tions of temperature during the months of January, February and March 
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Fig. 1. Relationship of molluscicidal activity to natural and artificially elevated tem- 
peratures. 


respectively, whereas the mean percentages of mortality during the period of 
sarly June until September reached a mean of 98 per cent mortality, and all 
of the snails were killed in a number of tests. Molluscicidal activity was markedly 
increased in other tub tests which were run concurrently but subjected to the 
elevated temperatures of artificial heating. In these tests the mortality rates 
increased to 72, 78 and 86 per cent of Biomphalaria exposed to DCHP during 
the months of January, February and March, respectively. Similar relationships 
were apparent for NPCP and CuSO,. 


Although the relationship of temperature to molluscicidal activity can be 
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determined more precisely under controlled laboratory conditions, several field 
tests indicated that the same general relationship held when these chemicals 
were applied in the natural habitat of the snail. In the spring of 1950 (water 
temperature 18-22° C.) DCHP applied at 5 ppm in a 150-meter length of drain- 
age canal killed only 92 per cent of the snail population. The entire snail popula- 
tion was knocked out in another 150-meter length of the same canal (upstream 
from first test) in June (water temperature 28°-29° C.) when DCHP was applied 
at 2 ppm. The ovicidal efficacy, using eggs of Biomphalaria for test purposes, 
was likewise influenced by temperature. It is unnecessary to quote additional 
examples since these have been given previously (Kuntz and Wells, 1951; Kuntz, 
1956). 

Although the basic relationship of temperature to biologic processes has been 
accepted for in vitro experimental work, the practical and economic importance 
of temperature to molluscicide activity has not been generally recognized. The 
present study, as well as those by other investigators, emphasizes the importance 
of temperature and indicates that this factor should be considered for proper 
and efficient snail control management. However, in emphasizing more sound 
mollusciciding practices to take advantage of elevated temperatures, it is realized 
that other factors must be weighed. Not the least of these is the control of flowing 
waters during seasons when agricultural demands may take precedence, or 
periods of the year when labor may be at a premium. 


SUMMARY 


A series of tests in tubs (semi-natural conditions for test snails) was run for 
approximately two years to determine the relationship of temperature to 
molluscicidal activity of dinitro-o-cyclohexylphenol (DCPH), sodium-pentachlo- 
rophenate (NPCP) and copper sulfate (CuSO,), at 3 ppm., against the snail, 
Biomphalaria boissyi, in Egypt. The mean percentages of mortality among snails 
exposed to these toxicants was markedly increased with elevation of tempera- 
tures in the test tubs of artificial as well as by natural (seasonal) heating. Similar 
relationships were apparent when molluscicides were applied in test plots or 
sections of irrigation canals at different times of the year. In the interest of 
molluscicidal efficiency and economy, temperature should be considered in the 
practice and in the planning of snail control programs in the field. 
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EGG-LAYING INHIBITION IN ONCOMELANIA NOSOPHORA 
MAINTAINED ON FILTER PAPER! 


EDWARD D. WAGNER anv LOIS WONG CHI 


Department of Microbiology and School of Tropical and Preventive Medicine, College of Medical 
Evangelists, Loma Linda, California 


Some factors that influence egg laying in Oncomelania nosophora and O. 
quadrasit have been reported (Wagner and Wong, 1956; Wagner and Moore, 
1956). It was found that the type of substrate available for egg deposition and the 
water level in the culture dishes affect the number of young produced. With the 
exception of one young snail found, reproduction did not occur for a period of one 
year in rearing saucers containing only sand and filter paper. It is well known that 
these snails are very fond of filter paper but it was of interest to determine (1) 
whether or not snails could survive if fed on filter paper alone, and (2) whether 
or not snails kept only on filter paper would lay eggs. 

A review of observations made by others in the laboratory and in the field 
is given in the above papers. 


MATERIALS AND METHODS 


At the start of the experiment, 75 adult Oncomelania nosophora snails were 
selected from stock dishes, and equal numbers were placed in three 150-mm. 
Petri dishes containing filter paper. For the first four months, the paper in each 


dish was kept moist by the addition of water. Each dish of 25 snails received a 
different type of water, namely, tap, bottled spring, and distilled. 

Four months after the experiment was started, the 71 surviving snails were 
placed in two 5-inch clay saucers containing filter paper kept moist with bottled 
spring water. Dish Number | contained 16 males and 21 females. Dish Number 2 
contained 15 males and 19 females. Twelve months after the test was begun, 12 
males and 25 females were still alive. Of these, 3 males and 6 females were serially 
sectioned to compare the histology of the reproductive system with non-experi- 
mental snails. The remaining 19 females were isolated in individual 5-inch culture 
saucers which contained soil and other materials known to give ideal conditions 
for egg production. The remaining 9 males were similarly kept in individual 
saucers. 


RESULTS 


During the first four months of the test, when each of the three dishes with 
snails received either tap, spring, or distilled water, no significant differences in 
behavior or survival were observed. For the next eight months, bottled spring 
water was used. During this 12-month period of the experiment,when the snails 
were kept on moist filter paper, no eggs or young snails were found. 

! This work was conducted under the sponsorship of the Commission on Parasitic Diseases, 


Armed Forces Epidemiological Board and was supported by the Office of the Surgeon Gen 
eral, Department of the Army, under Contract No. DA-49-007-MD-307. 
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TABLE 1 
Number of young snails produced by isolated female snails in ‘‘standard’”’ culture saucers 
after one year of non-reproductive period in dishes containing only filter paper and water 


No. days Number of young F Period of | ave No. 
Snail No.| Youngs Total repro- 


l . young 
first = young duction dag 


per day 


appeared Fet March April May June July (days) 


40 : 0 17 8 0 ‘ 119 . 26 
47 ‘ 39 71 3é 166 13 
44 74 67 Ol 


.00 


45 
.06 
.93 


.29 


20 
13 7 .16 
14 4° ! ; .43 


15 0 .00 
16 4i 2! 22 5 11] 3 .83 
17 : : 3: 3 37 é 149 NE 0.90 


Total 7 {08 3 204 1416 


Average young per snail per day = 0.73 


Young snails first appeared in the standard cultures 40 days after the snails 
were transferred from the dishes containing filter paper. The longest period 
between the transfer and the appearance of young snails was 111 days. Of the 17 
females that survived the test, two did not produce young. During the seven- 
month period when the females were kept in rearing dishes, the number of young 
snails produced per egg-laying snail ranged from 10 to 195 with a grand total of 
1,416. The average number of young snails produced per egg-laying female per 
day was 0.73 with a range of 0.16 to 1.51 (Table 1). The pattern of egg production 
by the 15 snails in this experiment was similar to that of snails maintained in 
standard cultures. 

The sectioned snails appeared normal except for the apparent over-abundance 
of mature ova in the ovary and the very irregular arrangement of the cells 
lining the oviduct. 


DISCUSSION 


Several factors might be responsible for the egg-laying inhibition demonstrated. 
In the field and the laboratory it has been observed repeatedly that species of 
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Oncomelania use soil (per se or in feces) in making an egg capsule. It may be that 
the snail will not lay eggs unless this ingredient for the protective capsule is 
present. It is also possible that filter paper and the bacteria, algae and other 
organisms that grow in such cultures are inadequate as a diet. (Whether these 
snails can digest cellulose has not been determined, and tests are currently under 
way to attempt to provide the answer.) The 40 days or longer before young 
snails appeared after the transfer should be sufficient time for the adults to 
recover from such a deficiency. The inadequacy of the diet may be reflected in 
the fact that the survival rate of snails maintained on filter paper was generally 
somewhat lower than among those reared in the standard cultures. 

On the other hand, if diet alone was a factor, one would expect the stock 
snails, removed from standard cultures where conditions were at an optimum, to 
lay some eggs on filter paper, at least at the beginning of the experiment. Then, 
as the filter paper diet had its effect, egg production would cease. Perhaps both 
the substrate and diet factors are involved. 

Apparently the female is able to retain eggs for long periods of time. Whether 
uncovered abnormal eggs were shed which did not hatch while the snails were 
kept on filter paper is not known. It is also not known whether or not these 
snails eat their own eggs. 


SUMMARY 


Oncomelania nosophora maintained on moist filter paper alone for a period of 
one year did not lay eggs. The lack of soil for the formation of the egg capsule 


and/or the inadequacies of the diet may account for the absence of egg laying. 
The survival rate of the snails maintained on moist filter paper for one year was 
slightly lower than those maintained in standard rearing dishes. When transferred 
to standard rearing dishes, the snails produced young in the normal reproductive 
pattern for the species. 


ACKNOWLEDGMENT 


Appreciation is expressed to Louis J. Olivier for the critical review of the 
manuscript. 


REFERENCES 
Waaner, E. D., anp BarBARA Moore, 1956. Effects of water level fluctuation on egg laying 
in Oncomelania nosophora and Oncomelania quadrasi, Am. Jour. of Trop. Med. & Hyg. 
5: 553-558. 
Waaner, E. D., anp Lois W. Wona, 1956. Some factors influencing egg laying in Oncome- 


lania nosophora and Oncomelania quadrasi, intermediate hosts of Schistosoma japoni- 
cum, Am. Jour. of Trop. Med. & Hyg. 5: 544-552. 





STUDIES ON REPRODUCTION AND GROWTH OF ONCOMELANIA 
QUADRASI, 0. NOSOPHORA, AND O. FORMOSANA, 
SNAIL HOSTS OF SCHISTOSOMA JAPONICUM! 


LOIS WONG CHI anp EDWARD D. WAGNER 


Department of Microbiology and School of Tropical and Preventive Medicine, College of Medical 
Evangelisis, Loma Linda, California 


Studies on the life history of the species of Oncomelania, intermediate hosts 
for Schistosoma japonicum, are fragmentary. Field studies have given some infor- 
mation on O. quadrasi (Abbott, 1946; McMullen, 1947). Sugiura (1933) and Me- 
Mullen et al. (1951) gave the results of similar observations on O. nosophora. 
Observations on the incubation period and egg laying and the persistence of egg 
laying by O. nosophora following isolation from males have been made by 
Ritchie et al. (1951); Otori and Ritchie (1954); and Otori et al. (1956). Some 
aspects on the life history of O. formosana have been given by Hsii (1950) and Li 
(1953). The present report gives additional observations on three species, in- 
cluding (1) frequency and number of eggs laid, (2) incubation period of eggs, (3) 
egg sizes, (4) sizes of newly hatched snails, (5) growth curve, and (6) number of 
young snails produced by laboratory-raised females mated only once. 


MATERIALS AND METHODS 


Observation on eggs and newly hatched young snails. In order to follow each egg 
produced throughout the experiment it was necessary to use small numbers of 
each of these three species of snails. The rearing technique previously described 
by Wong and Wagner (1956) was used in the case of O. quadrasi. Each of the 15 
clay flower pot saucers contained one male and one female snail, and they were 
painted with enamel to differentiate the sexes. Observations were made daily dur- 
ing the first three months and every other day for another three months. Eggs 
from saucers Numbers 1-8 were transferred to 20-mm. watch glasses containing 
water and filter paper. These were kept in a 10-inch moist-chamber dish. Eggs 
from saucers Numbers 9-15 were left undisturbed. The laying date, site of the 
eggs, and hatching date were mapped and recorded. 

Petri dishes, 50 mm. in diameter and prepared in the same way as the saucers, 
were used for the other two species of snails. Nineteen pairs of O. nosophora and 10 
pairs of O. formosana were isolated. Observations were made daily or every other 
day for a period of six months for O. nosophora and three months for O. formosana. 

Growth rate studies for all three species. The newly hatched snails were measured, 
and at the beginning of the experiment each was transferred to a 50-mm. Petri 
dish. It was difficult to locate the very young snails in these dishes, and the mor- 
tality rate was high. Thus, in the latter half of the experiment, each newly 


1 This work was conducted under the sponsorship of the Commission on Parasitic Dis- 
eases, Armed Forces Epidemiological Board and was supported by the Office of the Surgeon 
General, Department of the Army, under Contract No. DA-49-007-MD-307. 
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hatched snail was transferred to a 7-ml. pH beaker with a small amount of mud, a 
small piece of filter paper, and spring water. Cover slips were placed over the 
beakers which were maintained in a moist chamber. In these beakers, the problem 
of searching for the young snails was reduced considerably. When the snails 
reached three to three and one-half whorls in size, each was transferred to a 
50-mm Petri dish to provide the snail more space. All snails were measured weekly 
to determine the rate of growth, and the number of whorls was recorded. 

Number of young produced by singly mated snails. Seventeen pairs of male and 
female O. quadrasi and O. nosophora, which had been raised from isolated eggs, 
were mated. To encourage copulation each pair was placed in a 7-ml. pH beaker 
containing a small amount of water. After mating the snails were isolated. The 
same procedure was used for O. formosana but only seven pairs were mated. Four 
of the pairs came from isolated eggs and the other three were selected from stock 
before they reached the sexually mature three-whorl stage. 

In all the above experiments, the snails were kept at 26° C. and under con- 
tinuous light, conditions found to be best for snail reproduction (Wagner and 
Wong, 1956). 


RESULTS AND DISCUSSION 


Frequency and number of eggs laid. During the 11-month observation period of 
O. quadrasi, 11 of the 15 snails produced eggs. The length of the egg-laying period 
ranged from 27 to 207 days. They laid an average of 0.7 eggs per day with a range 
of 0.3 to 1.1 (Table 1). The frequency of egg-laying ranged from daily to an inter- 


val of 55 days. 

With O. nosophora, the observation period lasted from November to May, and 
10 of the 19 females produced eggs. The egg-laying period ranged from 8 to 143 
days. The snails also laid an average of 0.7 eggs per day, but the range was from 
0.1 to 1.9. One snail laid 23 eggs in one day. The frequency of egg laying ranged 
from daily to an interval of 49 days. 

Nine of the 10 O. formosana females used in this experiment produced eggs in 
the three-month observation period. The egg-laying period ranged from 4 to 21 
days, and the frequency of egg laying ranged from daily to an interval of 12 days. 
The snails laid an average of 1.3 eggs a day with a range of 0.5 to 2.8. The maxi- 
mum number of eggs laid by one snail in one day was 19. The greater egg-pro- 
ducing capacity of O. formosana may account for the fact that it is easier to rear 
in the laboratory than the other two species. 

In nature, a seasonal cycle in O. nosophora has been reported by Sugiura (1933) ; 
McMullen et al. (1951); and Ritchie et al. (1951). Li (1953) observed a periodicity 
in O. formosana, and Abbott (1946) and McMullen (1947) in O. quadrasi. The 
seasonal periodicity of reproduction of all three species under natural conditions 
has been reported by the authors referred to above. There was no evidence of this 
in our experiments. No doubt the constant laboratory temperature (26° C.) aided 
in the continuous production of young snails. 

Incubation period and egg size. Three hundred-fifty eggs of O. quadrasi were 
observed in order to determine the incubation period under laboratory conditions. 
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TABLE 1 


Number of eggs laid per day by Oncomelania 


Average number eggs 
per day 


Snail number Total number eggs laid Egg-laying period-days* 


O. quadrasi—(15 snails)—September, 1954, to August, 1955 


96 
180 
150 
107 

69 

14 

51 

43 

38 

29 


50 


199 
198 
200 
168 
207 
34 
198 
39 
39 


7 


69 


Average number of eggs per day per snail—0.7 
Total number of eggs, 827. 4 snails produced no eggs 


(19 snails) 


O. nosophora 
81 
24 
41 
78 

5 
59 
15 

} 

4 
9 


November, 


1955, to May, 1956 


69 
34 
60 
143 
20 
82 
8 
10) 
10 
20 


Average number of eggs per day per snail—0.7 
Total number of eggs, 320. 9 snails produced no eggs 


O. formosana—(10 snails)—March, 1956, to June, 1956 


1] 


‘ 
13 

6 
18 
38 


95 


25 
23 
17 


20 

$ 
17 
1] 
20 
21 
20 
17 

6 


Average number of eggs per day per snail—1.3 
Total number of eggs, 158. 1 snail produced no eggs 


v= Noan ns bo 


ri 





* Egg-laying period = total number days starting from the first day the female laid 
eggs and ending on the last day eggs were found in that observation period. 
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This ranged from 8 to 40 days and averaged 18.4 days (Table 2). Abbott (1946) 
and MeMullen (1947) also found the hatching time for O. quadrasi to be about 
two weeks. 

Of 562 eggs measured, the size of the eggs with the capsules ranged from 0.5 
mm. to 0.9 mm. with an average of 0.6 mm. (Table 2). This is larger than that 
described by Abbott (1946), 0.7 mm. without the capsule, and 1 to 1.5 mm. with 
the egg capsule, and McMullen (1947), 1 to 1.5 mm. with the capsule. Our findings 
came closer to Sumpaico’s (1947) who gave the size at 0.55 mm. with the capsule. 

The average incubation period of O. nosophora was found to be 21.4 days. 


TABLE 2 


Size of Oncomelania eggs, hatching time and size of newly hatched snails 





No. of 
No. of Aver- a er. | No. of | 
eggs Range age ann Range young | Range 
| (mm.) | (mm.) for | (days) “ — § (mm.) 
ure enn ure 
ing 


Species 





O. quadrasi 562 (0.5-0.9| 0.6 | 350 | 840 | 
O. nosophora | 201 (0.6-1.8) 1.1 | 115 | 943 | ; 
O. formosana 150 (0.6-1.3) 1.0 156 | 941 





O.NOSOPHORA y 


7 
‘ 
/ 


rd O.FORMOSANA 


O.QUADRASI 





4 4 


12 16 





AGE IN wEee«s 


Fia. 1. The average growth rates in millimeters of O. nosophora, O. quadrasi, and O. 


*mosana. 
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Sugiura (1933) and Abbott (1946) gave a hatching time of 14 to 15 days. Otori 
et al. (1956) reported an incubation period of 10 to 35 days. 

In our laboratory the average size of 201 O. nosophora eggs including the cap- 
sules was found to be 1.1 mm. with a range of 0.6 to 1.8 mm. Sugiura (1933) gave 
the range, without the capsule, as 0.4 to 0.6 mm. 

The incubation period and the size of eggs of O. formosana have not been re- 
ported. The average incubation period for the 156 eggs observed in the present 
experiment was 19.5 days with a range of 9 to 41 days. Of 150 eggs measured, the 
average egg size was 1.0 mm. with a range of 0.6 to 1.3 mm. (Table 2). The cause 
of the wide range of the incubation period for all three species requires further 
study. 

Size of newly hatched snails. The average sizes of newly hatched O. quadrasi, 
O. formosana, and O. nosophora respectively are 0.5, 0.55, and 0.6 mm. 

Growth curve. Of 234 O. quadrasi hatched from isolated eggs, 82 survived for 
more than four weeks and these were observed for 24 weeks. The data obtained 
are presented in Figures 1, 2, and Table 3. There was a rapid whorl development 
immediately after hatching. In the laboratory-reared snails, the rate of growth 
in males and females was the same until the 11th week. At that time the rate of 


8. 


O.NOSOPHORA 


ges 6-2 *—2~8 


O.FORMOSANA 


O.QUADRASI 








€ 12 16 20 


AGE 1N WEEKS 


Fig. 2. The average growth rates in whorl numbers of O. nosophora, O. quadrasi, and O. 
formosana. 
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TABLE 3 
Average size of Oncomelania from hatching to adult size 





O. nosophora 
Age in weeks 





Length in mm. No. of whorls 
| 


0.57 | 
0.94 
1.16 | 
1 | 
i 
1 
2 


| O. quadrasi 
| 


Length in mm. No. of whorls 





on 


25 
52 
. 65 
.10 


| 


art- WNe © 
wowwwn nv 
Coke I Or 


mRwWwWwwhds- 
NOmWwWNCC 


for) 


30 
70 
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creer 
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ID 
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oro 
Ns 


oor gn 
to > to 


21 
22 
23 
24 


oO or 
oo oo bo 





| 


growth of the males was reduced and size dimorphism appeared. The rate of 
whorl development and increment in snail size nearly parallel each other. In 
general, the snails grew an average of 0.2 mm. per week in the first 12 weeks and 
0.1 mm. per week thereafter. In field studies McMullen (1947) found that the 
young snails grew at the rate of 0.5 mm. in two weeks. A similar rate of growth 
was reported for medium sized snails (2.0-3.5 mm.). The present studies indi- 
cate that the growth rate was reduced in the larger snails of this group and as 
they became older. 

Data on the rate of growth of O. nosophora were obtained in the same way. Of 
132 isolated snails, 50 survived for more than four weeks and were observed for 
24 weeks. They grew an average of 0.4 mm. per week in the first 16 weeks and 
0.1 mm. or less per week thereafter. 

In general, these findings agree with the field results (1.5 mm. growth per 
month) under optimum conditions (McMullen et al., 1951). Sugiura (1933) placed 
juvenile snails in a bamboo basket and submerged them in the water of a ditch, 
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and in about six weeks they reached a size of 4 mm. This is larger than the 
average size of our laboratory snails at the same age (Table 3). 

The growth curves of male and female O. nosophora parallel each other until 
the snails have increased in size to about 6.2 mm., the females being slightly 
larger than the males. This appears to be the maximum size reached by the 
males, while the females continue to grow to approximately 7 mm. in size. 

Only 24 of 63 O. formosana were available for a study of the rate of growth. 
Therefore, the results obtained, shown in Figures 1 and 2, should be considered 
as preliminary in nature. The growth rate is about 0.3 mm. per week, which is 
about the same as the field results reported by Li (1953). 

In all three species, the growth rate varied greatly between the snails of the 
same age. In one O. quadrasi the adult size was reached as early as 60 days, while 
another required 90 days to attain one-half adult size. 

Number of young produced by singly mated snails. Seventeen O. quadrast virgin 
females, ranging 3.6 to 5.4 mm. in size and 76 to 256 days in age, were mated to 
males which had not been mated previously. The males ranged from 3.2 to 4.2 
mm. in size and 76 to 218 days in age. After the pairs were placed together in a 
small beaker, they copulated quite readily within 2 to 30 minutes, except that 
one pair of snails did not copulate for one hour and two pairs remained separated 
for one and one-half hours. After the mating, the snails were isolated. The re- 


TABLE 4 


Number of young snails produced from singly mated Oncomelania quadrasi 


D>, . q , 7 

et) ae | oe 
duction snail per 
(days) day 


a Age . i 
Age of Age of 9 emtten of Period of 
at mating at mating copulation observations 
(days) (days) F (days) 


Snail 


number 
number 


young 


151 155 . 177 133 
155 181 : 468 385 
151 165 : 468 319 
151 165 ‘ 154—(? died) 118 
177 177 2! 368 176 
134 144 . ys 368 181 
180 154 2 121 74 
147 154 F : 229 176 
76 76 ‘ 296 0 
111 152 é 456 148 
11 149 155 351 127 
12 218 118 3: 321 148 
13 121 169 ‘ 321 201 
14 210 125 : 232 0 
15 118 215 232 154 
16 | 110 256 : 18 113—(¢ died) 76 
17 | 125 132 ; 10 | 225 
Total young snails—2273. 
Average young per snail per day—0.9—(of snails that produced young). 
*—female continued to produce eggs at termination of experiment. 
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productive activity of these snails was observed for periods which ranged from 
113 to 468 days, with an average of 285 days. It will be noted in Table 4 that the 
length of the reproductive period was variable. The maximum observed was 385 
days. The number of young produced varied from 0 to 405 per snail. A total of 
2,273 young snails was recovered from the 17 snails, and the average young 
produced per female per day in the period of reproduction was 0.9. 

The same method outlined above was used to determine the reproduction rate 
of 17 singly mated O. nosophora females, ranging from 5.3 to 9.7 mm. in size and 
from 76 to 226 days in age. The males ranged from 5.7 to 6.9 mm. in size and 
from 91 to 207 days in age. 

O. nosophora does not copulate as readily as O. quadrasi, although the duration 
of copulation is long, ranging from one hour to five and one-half hours. When 
pairs of O. nosophora were placed together, less than 25 per cent copulated. The 
non-mated snails (pairs) were placed together again for mating on the next day. 
Some pairs never mated in repeated attempts during two weeks. When copula- 
tion was completed, the females were isolated. 

The reproductive activity of these snails was observed for periods which ranged 
from 82 to 278 days with an average of 180 days. The number of young produced 
varied from 0 to 284 per snail during reproductive periods ranging from 0 to 213 


TABLE 5 


Number of young snails produced from singly mated Oncomelania nosophora 








Period of ag | Total | Average No. 
observations dention number per snail 
(days) (days) | young per day 


Age, of # Age of 9 
| at mating | at mating 
(days) | (days) 


Duration of 
copulation 


Snail 
number 








> 
s 
o 


jr SO OO a eh hn Ud Up we OF ra Om we 0 


min. | | | 
55 | 182 | 9 | go | 
5 | 130 o | o 


123 123 
120 126 
148 140 
140 | 140 
140 140 
153 | 76 
162 132 
167 89 

9 127 | 121 
10 91 | 119 
11 139 | 187 
12 | Ss |i 
13 140 | 140 
14 | 134 162 
15 166 166 
16 | 207 207 


17 207 | 207 


0 | 140—(¢ died) 62 | 188 
25 | 278 | 95 
| 252t 0 0 
211 0 | 0 
264—(9 died) | 185 
130 
| 228 


on Fk Oh 


* 2 | 


228 
208 
198 
150 
45 | 128 
10 | 124 
18 82 
15 82 








Total young snails—1551. 

Average young per snail per day—1.3—(of snails that produced young). 
+ —male mated once before. 

* —female continued to produce eggs at termination of experiment. 
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days. A total of 1,551 young was recovered from the 17 snails, and the average 
young produced per female per day in the period of reproduction was 1.3 (Table 
5). 

Only seven O. formosana females ranging from 5.3 to 6.4 mm. in size and 82 to 
130 days in age were mated. The males used were 4.0 to 5.6 mm. in size and 82 
to 119 days old. The snails were observed for reproduction for a period ranging 
from 86 to 273 days with an average of 135 days. The number of young produced 
varied from 0 to 361 per snail. A total of 610 young snails was recovered from 
the seven snails, and the average young produced per female per day in the 
period of reproduction was 1.2 (Table 6). 

The experiments indicate that the female snails were able to store viable 
sperm for more than one year. This is in agreement with similar observations 
made on isolated O. nosophora (1955 Ann. Rept., 406 MGL). However, in this 
case the number of times the snails had copulated was not known. In our labora- 
tory one singly mated O. quadrasi female produced 405 young snails during the 
168 days of observation and the 319-day period of reproduction. One O. noso- 
phora female under the same mating conditions produced 284 young during a 
95-day reproductive period. A singly mated O. formosana produced 361 young 
during a 200-day reproductive period (Tables 4, 5, 6). All O. formosana females 
and half of the O. nosophora females were still producing young when the ob- 
servations were terminated. Only 25 per cent of the females of O. quadrasi were 
producing young at the end of the experiment. This is probably due to the fact 
that the experimental period for this species was longer than for the others. 

It was noticed that with O. quadrasi and O. nosophora, the singly mated females 
produced more young than stock females that were continuously paired with 
males. The average number of young per singly mated snail per day was 0.9 and 
1.3 for O. quadrast and O. nosophora respectively (Table 4 and 5), while the aver- 
age per stock females paired with males was 0.7 for O. quadrasi and O. nosophora 


TABLE 6 


Number of young snails produced from singly mated Oncomelania formosana 





Age of #7 Age of 2 ; Period of Period of 
at mating at mating Duration of observa- repro- 
(days) (days) copulation tions duction 
. . (days) days) 


Total Average No. 
number per snail per 
young day 


Snail 
number 


hrs. 
l 27: 
l : 266 0.69 
260 =| 
23 CO ‘ 80 
160 .30 
89 59 
86 





Total young snails—610. 

Average young per snail per day—1.2—(of snails that produced young). 

All egg-laying females were producing eggs at the date the experiment terminated. 
* —voung snails obtained from stock and reared to maturity, age unknown. 
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(Table 1). This may be due to the age of the snails. The average age of singly 
mated O. quadrasi females which produced young was between four and eight 
and one-half months, and three to seven and one-half months for O. nosophora, 
and three to four months for O. formosana. The age of the females from stock 
was unknown, but probably they were older. One O. nosophora and one O. quad- 
rasi, both 76 days of age at the time of mating, produced no young. This may in- 
dicate that they were sexually immature. However, one O. nosophora female, 
mated at 89 days of age, and one O. formosana, mated at 82 days of age, produced 
young snails. Age of sexual maturity for these species is under investigation at 
the present time. 
SUMMARY 


Oncomelania quadrasi and O. nosophora females, when mated and isolated as 
pairs, laid an average of 0.7 eggs per day. The frequency of egg-laying ranged 
from daily to a lapse of about 50 days. The maximum number of eggs laid by a 
female snail in a single day was 24 for O. nosophora and 23 for O. quadrast. O. 
formosana laid an average of 1.3 eggs per day, and the maximum number of 
eggs laid by one snail in one day was 19. The frequency of egg laying ranged 
from daily to an interval of 12 days. The average incubation periods for eggs for 
O. quadrasi, O. nosophora, and O. formosana were 18.4, 21.4, and 19.5 days re- 
spectively. The average sizes of the eggs with capsules of the three species in the 
same order were 0.6, 1.1, and 1.0 mm., while the average sizes of the newly 
hatched snails were 0.5, 0.6, and 0.55 mm. 

The growth rates for O. quadrasi, O. nosophora, and O. formosana were 0.2 
mm., 0.4 mm., and 0.3 mm. per week respectively. In general, the males and 
females grow at approximately the same rate for the first 11 weeks for O. quadrasi 
and 16 weeks for O. nosophora. At this time the rate of the males was reduced and 
size dimorphism occurred. 

Female snails were raised from isolated eggs and were followed through to ma- 
turity. They were mated only once to male snails reared under the same condi- 
tions. After the mating and isolation, O. quadrasi, O. nosophora, and O. formosana 
produced young snails for average observation periods of 285, 180, and 135 days 
respectively. The maximum periods of reproduction per species were 385, 213, 
and 200 days respectively. Snails were found to be able to produce several hun- 
dred young from one mating. 

The duration of copulation of O. quadrasi is from about one hour to four and 
one-half hours and for O. nosophora about one hour to five and one-half hours. 
O. nosophora does not copulate as readily as O. quadrasi. 
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